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ERRATA 


Page 19, line 1, read 38% for 38. 

Page 107, paragraph 1, lines 1, 3, and 4, change macrocarpa to macro-' 
spora. 

Page 111. title, line 4, read December for JanUary, 

Page 142, line 5, change about 80 per cent to above 70 per cent. 

Pages 369, 371, 373, 375, 377, 379, 381, 383, 387, 389, running heads 
read stripe for barley. 

Page 395, paragraph 2, line 4, change a 2 a u = o 2 a + c 2 to o*a B = o* A f o 2 «. 
Page 408, table title, change of the uredospores to to the uredospores. 
Page 411, table 10, change 5 e.c. N/10 in 100 c.c. to 5 e.c. N/10 NaOH 
in 100 c.c. 

Page 414, paragraph 5, line 2, read pentathionates for penathionatcs. 
Page 415, reference 6, read e for ed. 

Page 416, reference 27, read Polythionaten for Polvthionen. 

Page 431, footnote, line 2, after Pathology insert and Agricultural 
Chemistry. J, 

Page 480, paragraph 1, line 7, read Hehothrips for Halwthrips; line 8, 
read vaporariorum for vaporarium . 

Pages 506 and 507, interchange entire figure legends 
Page 520, paragraph 5, line 4, change high (30° C.) to at a high ten 
perature (30° C.). 

Page 663, paragraph 2, line 9, after Zehner add and Humphrey. 

Page 668, reference 9, after Zehner, M. G , add and Harry B. Hi, 
phrey. 

Page 679, line 7, read Bensaude for Bensuade. 

Page 680, reference 3, read racines for racine. 

Page 689, line 1, change A. Lange Norbert to Norbert A. Lange. 

Page 703, item 4 under Philippine organism , change three to two. 

Page 704, paragraph 3, change three to two. 

Page 843, line 4, read from for form. 

Page 844, paragraph 2, line 3, change figure 3, 7, to figure 2, 1. 

Page 857, paragraph 3, line 2, after could insert not. 

Page 888, paragraph 5, line 2, after was insert not. 

Page 926, reference 5, before insert Burrili, T. J. 

Page 948, line 6, change 4 to 3; line 7, change 5 to 4. 
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JANUARY, 1930 

THE GENUS PHYTOMONAS 

Walter H. Burkholder 

Unlike the fungous plant pathogenes, found in a great many families 
and genera scattered throughout the three main groups of the fungi, the 
bacteria which cause diseases in plants are restricted to a rather limited 
group in the Eubacteriales. The large number of known species of these 
bacterial pathogenes is continuously increasing, but the genera to which 
they belong in the various systems of classification are few. Briefly de¬ 
scribed. the bacterial plant pathogenes are nonspore-forming aerobic, motile 
oc*nonmotile rods. Other restrictions could be placed on the group that 
would limit it still further, but the description would become highly in¬ 
volved and not very helpful. The above simple description suffices for our 
purposes, and j>erhaps some objections to it could be brought forth from 
the literature on the subject. These objections, however, are very few and 
at times open to some doubt. Bacillus mescntericus as a plant pathogene 
is an outstanding example, but even this spore-forming organism causes only 
a tuber rot and not a disease of the growing plant. The brief description 
of the plant pathogenes as given above is practically correct and covers 
those forms dealt with in this article. 

With such a small group of organisms to consider, one naturally would 
be of the opinion that little difficulty would be experienced with its taxo¬ 
nomy. In this case, however, the reverse is true. A confusion exists here 
that is not equalled in any one group of the fungi engaging the interest of 
plant pathologists. This confusion, too. is not of recent occurrence, but has 
existed for some tiimj and is now of almost everyday unconcern. Everyone 
recognizes it, but no one does anything about it. It is at present, to a con¬ 
siderable extent, treated with levity. 

This confusion in the nomenclature of the bacterial plant pathogenes is 
due to the general use by the plant pathologists of various systems of classi¬ 
fication. There are several of these systems each of which is recognized 
and the investigator in bacterial diseases of plants merely expresses a pref¬ 
erence for one of them. An example of this may be cited. A new bacterial 
pathogene is described and given a binomial name, but a footnote frequently 
will be found stating the system of classification followed and one or two 
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other generic names which could be used if other classification were em¬ 
ployed. Here a preference is shown for one of the systems in use, but the 
author’s allegiance is more than likely to shift in his next article. Also, 
some authors have refused to make a decision and have used generic names 
from various classifications. Since several of these generic names occur 
interchangeably in the various systems, further confusion has arisen and 
plant pathogenes are recognized now only by their specific name. 

The systems of classification in use at the present time by the plant 
pathologists are those of Migula, Lehmann and Neumann, Erwin P. Smith, 
jyid Bergey. The order of the systems given above is more or less chrono¬ 
logical. The confusion, or the general use of all four classifications by the 
plant pathologist, has not come about through differences in basic principles. 
These principles are practically the same for three of these systems used, 
and for the fourth, Lehmann and Neumann's, no classification or divisions 
and subdivisions exist for the plant pathogenes. It appears inexcusable that 
we should have arrived at such a state of chaos. The reason for having done 
so can be comprehended only by examining the history of these systems j^d 
their adoption by the plant pathologist. 

In examining these systems of classification and the extent of their use, 
one is forced to separate the plant pathologist from the bacteriologist. This 
is a rather lamentable fact, but nevertheless true. The plant pathologist 
has drifted away from the science of bacteriology for many years until now 
there is little contact between the two groups. On the other hand, we have 
been closely associated with the mycologist uith advantages on both sides. 
The disadvantages in our separation from the bacteriologist are apparent. 
This separation of the two groups is emphasized here from the fact that 
each has regarded differently the systems of classification proposed for 
bacteria. 

The true bacteriologist has not been so hamj>ered with systems as has 
the plant pathologist; in fact, he has, as a rule, paid little attention to them. 
In the last two decades of the nineteenth century and the beginning of the 
twentieth, when the spirit of the time was that of classifying and experi¬ 
menting with classification, Migula's and Lehmann and Neumann s classifi¬ 
cations were followed by the bacteriologist. Later, certain features of each 
of these systems were employed. For instance, the Pseudomonas group 
(Migula), that is, the rod forms having polar flagella, was recognized, as 
was also the Bacillus group (Lehmann and Neumann), the forms producing 
spores. Further recognition of other groups arose and, in the United 
States, the present drift in nomenclature of the bacteria has, in general, 
crystallized itself into the Bergey classification. This no doubt will be 
modified, since complaints are arising on all sides concerning certain of the 
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genera. The system does show, however, the direction in which the bac¬ 
teriologists are going in this field. 

The American plant pathologists, on the other hand, at first accepted 
Migula’s system, possibly because Erwin F. Smith did. Chester’s volume 
on Determinative Bacteriology also helped to establish this system in 
America. Lehmann and Neumann’s system was and is still more or less 
unknown to the American plant pathologists. The European plant patholo¬ 
gists, however, especially those on the Continent, follow Lehmann and Neu¬ 
mann, so one is forced to recognize this system in the literature. In 1906, 
Erwin F. Smith brought forth his classification and, although it was never 
considered by the bacteriologist, it was immediately adopted by the plant 
pathologist. There were reasons for this. The plant pathologists were 
introduced to bacteriology by Erwin F. Smith, and his fight to establish 
the fact that bacteria can cause diseases in plants is one of the high points 
in this field. K. F. Smith was preeminent in plant pathology and it was 
but natural that they should follow his lead in nomenclature. Further- 
nyye, the plant pathologists were all schooled in taxonomic mycology, a 
subject which at that time was greatly concerned with priority, and Smith's 
classification was based on priority. No new concepts w^ere expressed. 
The three systems with the same generic names applied to different groups 
wen* now in continual use, and confusion arose*. To get away from this 
state of affairs, a few adopted Bergey’s system when it arrived. Entirely 
new generic names were applied here. 

In showing a preference for one of the systems of classification it would 
be reasonable to ex|K*et an investigator to examine the basis for each classifi¬ 
cation. Perhaps thus is being done, but a discussion of this phase of the 
subject, as far as I know, lias not appeared in literature. And, since the 
basis for classification is of primary imjKirtance, it seems pertinent to review 
it here. Migula used the presence and absence and mode of attachment of 
flagella as generic characters in his classification. The genus Bacterium is 
composed of nonmotile forms; Bacillus, of forms motile by peritrichous 
flagella; and the genus Pseudomonas is coinj>osed of rods which are motile 
by means of i>olar flagella. When Erwin F. Smith presented his classifica¬ 
tion of bacteria in 1906, he still considered the presence and absence and 
the position of flagella as sound generic characters, but digressed from 
Migula in the following manner, lie held that the generic name Bacterium 
had priority over Pseudomonas, since Cohn (1872) had first used it for the 
rod forms having polar flagella. This consequently left the nonmotile forms 
w ithout a name; so Aplanobacter was coined for this genus. Smith was not 
the only one to point out the priority of the name Bacterium over Pseudo¬ 
monas. Vuillemin (1913) independently reached the same conclusion. 
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Since at that time (1906) a starting point for nomenclature for bacteria 
had not been agreed upon, Smith’s arguments are logical if one accepts his 
basis for generic characters. 

Nevertheless, due to the fact that the term Pseudomonas was probably 
so well established, bacteriologists failed to regard these disclosures with 
interest. The situation also was further complicated by the increasingly 
large group of workers in bacteriology who held that the presence and 
absence of spores were of generic significance and that flagella were of minor 
importance. Consequently, for them, Smith’s or Vuillemin's conclusions 
would have no bearing on change of generic names. It was upon this basis 
that Lehmann and Neumann had presented their system of classification, 
namely, the presence or absence of spores. In the genus Bacillus they 
placed all rod forms producing spores. The genus Bacterium was com¬ 
posed of those which did not produce spores. It may be seen readily that 
all plant pathogenes would fall in this last genus. 

A most radical digression from the systems of classification just described 
occurs in that of Bergey, in that all the plant pathogenes are placed a 
separate tribe, Erwinieae. The first step in this direction had appeared in 
the Pinal Report of the Committee of the Society of American Bacteriolo¬ 
gists on Characterization and Classification of Bacterial Types, when the 
tribe Erwinieae was proposed for the plant pathogenes in the family Bae- 
teriaceae. Bergey, however, went further and made a new genus, Phvto- 
monas, composed of motile plant pathogenes from the genus Pseudomonas 
of the Committee’s report, together with the nonmotile plant pathogenes. 
The new genus, Phvtomonas, was then placed in the tribe Erwinieae, next 
to the genus Erwinia. This tribe is based entirely upon the ability of its 
members to cause disease in plants, and all other characters of the bacteria 
are disregarded. The reason for the separation of the plant pathogenes 
was not discussed and it seems evident that the close relationship of the 
genus Erwinia to the coli group, and of certain members of the genus Phy- 
tomonas to the fluorescent group was overlooked or not known. In the 
general classification of bacteria, Bergey does not always use the character 
of pathogenicity to separate groups. He does follow this system in the 
families Bacteriaceae and Coccaceae, but not in the families Bacilliaeeae 
and Spirillaceae. In the Actinomycetes he has allowed certain of the forms 
pathogenic to plants to associate with animal pathogenes and saprophytes. 
He is not entirely consistent. 

The use of pathogenicity as a character of such importance as to 
separate tribes and genera should be considered closely before adoption. 
It has never been employed in the main groups of fungi. The close rela¬ 
tionship of many members of the genus Erwinia to Escherichia coli Escher- 
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ich has been mentioned. Phytomonas marginale Brown can scarcely be 
distinguished from Pseudomonas aeruginosa Schroter. Xonpathogenic 
forms of Phytomonas tumefaciens Smith and Townsend are evidently 
numerous in the soil, and, so far as Bergey T s classification goes are at present, 
homeless. Furthermore, pathogenicity is in many bacteria a very delicate 
character and may be lost quickly when the organism is grown in pure cul¬ 
ture. The same thing probably occurs in nature under adverse conditions. 

A system of classification for bacteria seeking to be a natural system 
should be workable as well, and primary characteristics should be considered 
first. Many plant pathogenes are not always found associated with their 
host plant. In isolating an organism under such circumstances the char¬ 
acter of pathogenicity would have to be disregarded from the very nature 
of the case. Only a plant pathologist searching for a definite species would 
think of making inoculation tests. One would not know what plant out of 
hundreds to use. The test would be unthought of until many of the char¬ 
acteristics were determined and the organism appeared to be a certain 
pflthogone. By that time, alas, its pathogenicity might have been lost. 
Kahn (1929) in his article, ‘ 4 Contributions to the classification of Bacteria/' 
has emphasized this point under the title of "‘Practical Impossibilities in 
Taxonomy." 

In considering the subdivisions in the tribe Erwinieae of Bergey, one 
finds that his separation of the two genera is based primarily on the presence 
and absence and position of flagella. He only digresses from Migula and 
from Smith in that he places the nonmotile pathogenes in the same genus 
with the forms possessing polar flagella. This move has proved a little 
disconcerting to the plant pathologist since it has been felt by some that 
the nonmotile forms are a distinct group. The separation of the genus 
Erwinia on the character of peritrichous flagella is orthodox and probably 
justifiable; at least, there is no indication to the contrary. The genus is a 
well-recognized group and each species possesses this character. 

ANALYSIS OF THE GENUS PHYTOMONAS 

Having pointed out the defects of Bergey's classification, I still follow 
it because of its clarity and efficiency. One is not required to use a foot¬ 
note. Furthermore, plant pathology is too interdependent on the other 
sciences to become isolated, especially in matters of taxonomy. We must 
look to the systematist in bacteriology just as we do in mycology or 
phanerogamic botany, although in this case the bacteriologists have treated 
us rather shabbily. We can, however, call attention to defects in systems 
of classification and, furthermore, point out methods of construction for 
bettering these systems. The remainder of this article is such an attempt. 
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It is felt that the basis for classification of the bacterial plant pathogenes 
was established when the number of the pathogenes was small and our 
information concerning them was meager. The number of known species 
is now many, considerably over a hundred, and it is time to take stock of 
what knowledge we have of these forms. In this article I do not intend to 
examine all the bacterial pathogenes, but to confine myself only to one genus 
of the Bergey classification. This genus, Phvtomonas, is chosen for the 
following reasons: First, it contains by far the larger number of species 
of the two genera of the tribe Erwinieae and appears to be a rather heteroge¬ 
neous mixture. The question arises whether or not it can be considered as 
one genus. Also, the genus combines the nonmotile forms with the motile 
forms having polar flagella, and it should be determined whether or not 
this is justifiable. And third, having worked with a number of rather dis¬ 
similar species within the group. I feel more familiar with this genus. The 
genus Erwinia, which is not considered in this article, is composed of few 
species and appears to be a fairly well-defined group. 

The ideal method in studying and analyzing a genus is to obtain all the 
species and grow them in pure culture under identical conditions. There 
is, however, one great difficulty, namely, that but a very small percentage 
of these species could be secured at present. Consequently, another method 
was sought and the one used here is that set forth by Kahn (15)16). which 
is based on the assumption that in any well-defined group many of the 
primary characteristics are identical. Rahn has demonstrated that certain 
correlations exist in the natural groups and has pointed out those characters 
on which separation and divisions may be based. He used the description 
of species given by Migula and by Lehmann and Neumann as the basis of 
his work. In the following work with the plant pathogenes the procedure 
employed by Rahn has been followed more or less. 

In following this method of analysis one primary weakness arises. One 
is forced to accept the descriptions of species of a great many investigators 
where the technique varies not only with the time but with the different 
laboratories. Frequently this has been overcome, however, when several 
persons have worked on the same organism, and a composite picture from 
the various descriptions can be drawn. 

Bergey in the second edition of his “Manual of Determinative Bac¬ 
teriology” lists 39 species of Phytomonas. 1 In table 1, I have listed 77 
species, and this is not entirely complete. For certain species, the names 
of which appear in literature, I have been unable to find a description and 
have omitted them. This type of omission, however, is but occasional. 

1 The third edition of this manual will contain descriptions of many more species 
of this genus. 
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Then, there were several species which, although described as of this genus, 
apparently do not belong there. As an example, I may mention Phyto - 
monas dissolvens Rosen which, with the exception of its polar flagella, 
stained by a method as yet not divulged, has more characteristics of the 
Erwinia group. This staining method, too, would place E. amylovora 
(Burrill) Com. S. A. B. in the genus Phytomonas, but it has been omitted 
in this table. 

Varieties have not been added to the list since it was felt that they would 
disturb the ratios of characters. Most varieties have been described mainly 
on pathogenicity and not on cultural characteristics. From another point 
of view, it is true that some of these omitted varieties are as important 
pathologically as or more so than the original species. Phytomonas 
phascoli var. sojcnse ( Erw. Smith; Hedges, Phyt. mcdicaginia var. phascoli- 
rola (Saekett) Burkholder and the several varieties of Phyt. transitions 
Smith, Jones and Reddy might be mentioned. It is likely that certain 
species listed in table 1 are synonyms or only varieties; that is, they differ 
otjjv in pathogenicity. Phytomonas sojae Wolf and Phyt. stizolobii Wolf 
probably belong to this ease. Phytomonas rhizoctonia Thomas has been 
avoided in the table since it is felt that, like Phyt. stizolobii , under certain 
conditions it might be motile. At least tills organism is quite different 
from the other nonmotile forms. Phytomonas viridifacit ns Tis. and Will, 
has been considered a synonym of Phyt. vignae Gar. and Ken.; Phyt. 
ritran ifacii ns Lee and Phyt . cituputfah V. (>. Smith have been shown by 
Miss Bryan (192ri> to be identical with Phyt. syringac van Hall. There 
appear to be some differences in the descriptions of the pathogene as given 
by the tnree authors, but this may lx 4 due merely to technique or to fluctuat¬ 
ing characters. Miss Bryan has done a commendable piece of work and 
more like it is needed. Due to a footnote in Gardner and Kendrick's 
article, “The Bacterial Spot of Tomato*’ *1921 >, a supposition has crept 
into phytopathologieal literature that Phyt. cxitosa Gar. and Ken. is a 
synonym of Phyt. vesicatoria Doidge. The organisms differ in reaction to 
the Gram stain and in sugar fermentations, and these appear to be sufficient 
to separate them as distinct species. 

In a search through the literature it was rather astonishing to find what 
few characters had been determined for some of our fairly common species. 
Outside of its pathogenicity, we know very little concerning Phyt. juglandis 
Pierce. Phytomonas phascoli (Erw. Smith 1 Bergoy et al. was named in 
1898, but it was not until Rapp (1920) and later Hedges (1924 and 1926) 
worked on the species that we had an adequate description of it. The de¬ 
scription of Phyt.beticola (Smith, Brown and Townsend^ Bergeyet al. given 
in 1911 is strikingly different from that given by Miss Brown in 1928. In 
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examining table 1 a number of forms may be found for which we know little 
concerning their cultural reactions. Too many species have been described 
on the basis of pathogenicity to some host, with a few cultural and morpho¬ 
logical characteristics which are slightly more than sufficient to place them 
in a genus. Work of this type simply lays foundations for synonyms. It 
would be much better for all concerned, and especially for future students, 
if a sufficient number of characters should be determined to compare the 
organism with other members of its genus and cross inoculations made to 
ascertain whether it is a new form or an old form on a new host. 

The description of the characters of many species, too, has been vague. 
In many cases, especially in the sugar broths, all the shades of Ridgwav 
and all the degrees of cloudiness and turbidity have been noticed, without 
considering that these no doubt would vary with temj>erature. hydrogen-ion 
concentration, and other factors not mentioned. There are certain instances 
in which the most or only important point, namely, whether or not a given 
sugar was fermented, is not stated. In preparing table 1, I have been 
forced at times to make a guess concerning certain characters. In the list 
of titles apjKUided to this paper one may easily find where ray data have 
been obtained. 

Sixteen characters were used in this table of species. They comprise 
all hut one of the primary characteristics and a few of the secondary ones 
listed in the descriptive chart for 1924 prepared by the Committee on Bac- 
primary characteristic omitted is that of spore formation: This character 
teriological Technic of the Society of American Bacteriologists. The one 
docs not exist among the bacterial plant pathogenes. The table is valuable 
in showing what we know at present concerning the characteristics of the 
species of this genus. Further work is needed in filling up the gaps and 
working over certain of the characters. In many instances the cultural 
methods used by various authors in dealing with the sugars would fail to 
disclose a small amount of acid produced. 

In table 2 the methods of Kahn are followed, and the percentages of the 
characteristics are given for the entire genus and for various groups in 
this genus. While there are 77 species dealt with, the percentages are 
seldom based on this number but on that of species on which information 
is given on the characteristic under consideration. This varies and is 
usually somew hat short of 77. Consequently a definite series of percentages 
is not to be expected in the table. The figures in the group column refer 
to the number of species found in that group. All other figures iu the table 
are percentages. 

Table 2 is large and consists of many figures. To point out all correla¬ 
tions and lack of such would require space and would only be confusing. 
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Furthermore, upon examining the table claselv all these correlations appear 
to be the result of the occurrence of several well-defined groups which 
appear almost intact in a number of the divisions listed in table 2. These 
definite groups will be pointed out and emphasized. First, however, one 
should look at the genus and note the general lack of correlations of char¬ 
acteristics which exist in it as a whole. Outside of motility and the reaction 
to the Gram stain, the percentages are neither high nor low. Most any¬ 
thing may be expected within the genus. In other words, it does not con¬ 
stitute a well-defined group of organisms. The reason for this confusion, 
one may assume, is the fact that the genus is composed of several natural 
groups, and that order may be obtained only by determining what they are. 
One conclusion which might be arrived at hastily is that the combination 
of the nonmotile with these motile forms has probably caused a disturbance. 
There are, however, only (i of these nonmotile species listed in table 1, and 
these hardly could be expected to change the percentages to any great extent. 
Nevertheless, it will be seen in table 2 that these six species are a very closely 
related group of pathogenes; more so than one would expect. Should they, 
then, have been placed with the motile species? From examining them as 
a separate nonmotile group, one would say probably not; but their removal 
does not apjwar to improve matters, since it may be seen that the percen¬ 
tages of the 71 motile species do not deviate to any extent from the per¬ 
centages of the entire genus. It still remains a group of many rather 
unrelated types. The question then arises whether any of the motile 
species are related to this nonmotile group. A search through table 1 re¬ 
veals the fact that certain forms do exist which, but for their character of 
motility, fit in very nicely. The two most outstanding species of this group 
are the yellow forms. Phyt. flaccutnfacicns Hedges and Phyt. vcsicatoria 
Doidge. Besides these, several other less closely related forms are to be 
found, but the addition of these to the group would not materially lessen 
the high percentage of the majority of characters. Disregarding these out¬ 
lying forms, however, one finds here eight species which can be considered 
the center or nucleus of a natural group of bacteria, but a group which can 
not be defined entirely on the absence of flagella. The Gram reaction, the 
ability to ferment lactose, and the ability to produce a yellow pigment are 
also important characters. No one character can be used to differentiate the 
group, and for convenience it might be referred to as the Stcwarti group 
from one of its earliest described species. An intensive cultural study of 
these forms, no doubt, would produce results of importance. 

The next character used to differentiate groups in table 2 is that of pig¬ 
ment formation. This is a character which has been used before by various 
investigators to separate genera of bacteria but with varying amounts of 
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success. In the genus Phytomonas there are forms producing a yellow pig¬ 
ment, others a green flourescence, and still others which are nonchromogenic. 
An attempt has been made to separate the 77 species listed in table 1 on this 
basis. There have been described 28 yellow bacterial pathogencs, but when 
these are placed together in table 2 it may be seen that they are in no sense 
a natural group. If one considers, however, that the Steward group con¬ 
stitutes approximately one third of these chromogenic forms, their hetero¬ 
geneity is not surprising. If, however, one removes from the 28 yellow 
species those forms which ferment lactose and those the descriptions of which 
are so limited as to make work with them difficult, 13 species remain. These 
are listed in table 2 and appear to be a natural group, but one not so well- 
defined as the Steu^arti group. This new group could be characterized as 
composed of species which are yellow motile forms that are (Iram-ncgative, 
active in peptonizing milk, liquefying gelatin, and digesting starch, but arc 
not nitrate reducers. They do not ferment lactose, but may or may not 
ferment dextrose and saccharose. One possible error in the table is that 
31 per cent of the species produce acid in milk, a character one expects to 
find associated with lactose fermenters This error might be due to the 
preparation of the milk and the formation of some of the lower sugars 
through decomposition in the process of sterilization. Further working over 
some of the other characteristics also might raise their percentage, since a 
number of these species were described when our technique was considerably 
less adequate than it is today. In referring to this group in the remainder 
of this article the name Campestre will be applied, since this organism is 
representative of these 13 yellow species. 

In examining both the Cam pest re and the Steward groups, one will find 
that there will be some difficulty in separating them along a definite line of 
cleavage. There appear to exist some intermediate types between the tw*o, 
Bahn (1929) has pointed out that such forms occur among the bacteria and 
has dwelt upon the confusion that they cause in taxonomy. Phytomonas 
beticola 9 Phyt. pruni (Erw. Smith) Bergey et al. and Phyt> translucent are, 
no doubt, such intermediate forms between the Campestre and the Stewarti 
groups. They probably have a closer relationship with the latter but, if 
placed there, would have a tendency to lower the high percentages of certain 
of the characters. On the other hand, the disturbance would be even greater 
in the Campestre group. At present these species probably should remain 
as intermediate forms and no attempt be made to place them in one or the 
other of the two groups. 

A further group which appears in table 2 is that of the green fluorescent 
forms. To any one who has worked with any of these pathogencs this is not 
a surprise. The similarity of these bacteria has been noted before. In table 
2 they do not appear so closely related as the members of the Steward group. 
Nevertheless, (bey are a fairly well-defined group and the percentages might 
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appear higher if they were better understood. For instance, in table 2, 38 
are shown to digest starch. This process in the green fluorescent species is 
a very weak one and the percentage from one point of view should approach 
zero. Also, it is to be noted particularly that certain forms of the green 
fluorescent types like Phytomonas erodii Lewis upset the correlations consid¬ 
erably, and the group would be closer knit if such forms were dropped. 
Eighteen species are listed here which produce a green fluorescent pigment, 
but there are others in this group not brought out in these tables. Chromo¬ 
genesis in these studies has been determined on agar cultures, and it is 
known that certain of the green fluorescent types will not produce this pig¬ 
ment on beef extract agar, the agar usually employed by investigators. 
Furthermore, this ability to produce pigment is frequently lost in pure cul¬ 
ture. For these two reasons it is felt that a number of species belonging to 
the group may be found with the white or colorless forms. If it were possi¬ 
ble to find a definite medium on or in which the character of green fluores¬ 
cent pigment production could always Ik* determined, the group could be 
limited more readily. l\sehinsky*s solution might be such a medium; at 
least, it upjicars so from suj>crfieial observation. 

If one eliminates from the genus Phytomonas the three groups just dis¬ 
cussed then* remain a number of colorless forms with which very little can 
be done. These sj>eeies contain, no doubt, a number of green fluorescent 
bacteria, as suggested in the foregoing. Their ability to produce the pig¬ 
ment is jM>\*Kibly very weak, which accounts for its being overlooked. Also, 
many other of these colorless forms have a limited description, and. conse¬ 
quently. they are difficult to work with statistically. Too few of their char¬ 
acteristics are known. The best explanation to offer concerning these re¬ 
maining forms of the genus Phytomonas Is that a colorless group exists. 
This is reasonable to expect. The group, however, is not unlike the green 
fluorescent group in many res|>ects. and a number of intermediate forms 
between the two are to be found. Statistically, this is rather difficult to 
prove with our present knowledge, but an examination of the colorless forms 
listed in table 1 points to this belief. Further work is necessary, however, 
to show this to be true. 

The three and possible four bacterial groups existing in the genus Phyto¬ 
monas would, if it were not for the character of pathogenicity, find places 
in several genera of the family Bacteriaceae of Bergey. The Siewarti and 
the CamiHstre groups would fall in the genus Flavobaeterium, since they 
are both composed of si>ecies forming a yellow pigment. As has been 
pointed out in this article, however, the ability of these organisms to pro¬ 
duce a yellow pigment does not appear to be a character on which to base 
a natural group. As far as known, no intensive work has been done on the 
genus Flavobaeterium and it Is not known whether or not it could be 
separated into two groups os the yellow plant pathogenes have been. 
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In a similar manner, the green fluorescent group of plant pathogenes 
would fall in the genus Pseudomonas of Bergey.* It is well known that 
many of the nonpathogenic fluorescent types are ubiquitous and are common 
saprophytes found living in the soil, on seeds, and on various parts of plants. 
In this there appears to be a relationship in habitat between the pathogenes 
and the saprophytes. This fact also might at least indicate the possible 
origin of the green fluorescent pathogenes which have arisen so suddenly and 
mysteriously at times. 

The colorless plant pathogenes would fall into the genus Achromobacter. 

One character of interest to the plant pathologist not touched upon here 
and possibly of great help in this work is the type of symptom produced on 
the plant by the pathogene. It is known that certain closely allied organ¬ 
isms produce similar diseases in animals. The members of the genus 
Pasteurella are an example of this. Similar cases might occur among the 
plant pathogenes. This character, however, would probably be difficult to 
point out since in certain bacterial diseases of plants the causal organism 
may produce various types of symptoms. It is a matter, nevertheless, 
worthy of consideration. ' 

CONCLUSIONS 

While this study has not presented any definite conclusions, it is hoped 
that bringing together the material and presenting it to the plant pathol¬ 
ogist will make more apparent the difficulties and needs in this field. The 
article has pointed out, however, the reasons for the confusion that exists in 
the taxonomy of the bacterial plant pathogenes and the fault that investi¬ 
gators are making by looking at the subject over antiquated systems of classi¬ 
fication and not examining the group as a whole. It has also demonstrated 
that certain natural groups do exist and that there probably are others 
which will come to light after more exact study. That these groups can be 
defined on single characteristics, as presence or absence of flagella, appears 
to be doubtful. What ranking these groups should receive can be deter¬ 
mined only by further work. The question, too, arises as to whether the 
plant pathogenes should be treated separately or whether they should not 
find their places in the genera of the bacteria as a whole. Proof is yet to 
be given that pathogenicity is a character on which to separate genera, let 
alone one on which a tribe may be formed. 

Department of Plant Pathology, 

Cornell University, (< 

Ithaca, N. Y. 

* The pm Peendomonaa of Borgqr ia entirely distinct from the genu Pseudomonas 
of Mtg n l a. The former is characterised by the ability of its members to produce a green 
fiaatuemt pigment. The latter genu ie baaed on the character of polar flagella pos- 
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“FERN-LEAF” OF TOMATO* 
N. MoocNDoarr 


The symptom known as “fern-leaf” of tomatoes is chiefly characterized 
by a filiform abnormality of part of the foliage. For many years this con¬ 
dition has been considered as associated with a virus and as such it has 
often been referred to by pathologists as a symptom of ordinary tomato 
mosaic. At the same time, however, the common occurrence of tomato 
mosaic and the only sporadic appearance of fern-leaf together formed a 
problem which has never been fully solved. More recently it has been 
claimed by some investigators that fern-leaf symptoms on tomatoes may 
not necessarily be the result of a virus in the present sense of the word, 
but that these may be produced by a substance which has the nature of a 
toxin (22). It has also been suggested in a recent paper that fern-leaf 
symptoms may, in some cases at least, be of an hereditary nature (23). 

The present investigation was undertaken with the purpose of deter¬ 
mining, as far as possible, the factors governing the development of fern- 
leaf symptoms as resulting from virus infections. The evidence secured 
by Johnson (17) that fern-leaf is often associated with cucumber mosaic 
on tomatoes was taken as a base for further studies. Johnson was not 
able, however, to produce fern-leaf symptoms at will with this virus; con¬ 
sequently it appeared that some other factors were involved. In the pres¬ 
ent paper it will be shown that these factors are connected with the method 
of infection, the age of the plant at the time of infection, and with certain 
environmental conditions. 

Since Clinton (8) carried out his cross-inoculation experiments with 
the tobacco-mosaic virus on tobacco and tomato, it has generally been as¬ 
sumed that the virus causing tomato mosaic is identical with the ordinary 
tobacco-mosaic virus. It was, therefore, considered advisable to study 
simultaneously the tobacco-mosaic disease of tomatoes for comparative pur¬ 
poses. This paper is consequently concerned with two virus diseases of 
the tomato, namely, tomato mosaic as caused by Tobacco virus 1 (18) and 
tomato mosaic as caused by Cucumber virus 1 (18). For convenience these 
diseases will be referred to as tobaco mosaic on tomato and cucumber mosaic 
on tomato. 

» Published with the approval of the Director of the Wiscousin Agricultural Experi¬ 
ment Station. 

The author wishes to acknowledge his indebtedness to Dr. James Johnson, under 
whose guidance this work was done, for his valuable advice and suggestions; to Dr. L. 
B. Jones for helpful criticism; and to Dr. I. A. Hoggan for aid in preparing the mans 
script. 
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Review op Literature 

Mosaic symptoms on tomatoes were first described in 1902 by Woods 
(31) on plants which he had accidentally infected with tobacco-mosaic 
virus. It was not until 1907, however, that Clinton (8) in Connecticut 
reported an “infectious chlorosis” in field tomatoes, which was found to 
be “of the same nature as calico of tobacco.” A tomato-mosaic disease 
occurring in greenhouses in Holland was studied by Westerdijk (30). Al¬ 
though she was not able to transfer this disease to tobacco, it has been as¬ 
sumed by some that she was dealing with ordinary tomato mosaic, while 
others expressed doubt about its character. The tomato-mosaic disease 
reported from Massachusetts by Stone (28) and later by Chapman (5) 
has also been interpreted as identical with tobacco mosaic. A description 
of symptoms produced on tomatoes by artificial inoculation with tobacco- 
mosaic virus was given by Allard (1). Gardner and Kendrick (12) made 
an extensive study of tomato mosaic as it occurs in Indiana, but they give 
little evidence for the identity of the disease. From their descriptions 
it would appear that at times more than one virus may have been involved 
in their studies. The descriptions of tomato mosaic as given by Neal and 
Barker (26), Chupp (7), and others are essentially the same as those 
reported by Gardner and Kendrick (12). 

Tomato fern-leaf as a symptom of tomato mosaic was first described by 
Westerdijk (30), who states that this symptom was never observed as a 
result of natural infection in the field or greenhouse, but only on artificially 
inoculated plants. Humbert (14) states that at times string-leaf or fern- 
leaf was observed in Ohio on mosaic tomatoes. McCubbin (24) calls it 
“a symptom of somewhat rare occurrence”, which is associated with to¬ 
mato mosaic, while McKay (25) states that filiform leaves are unusual on 
mosaic tomatoes, though not rare. Berkeley (3) rejmrts from Canada 
that a filiform and spindly leaf is often associated with tomato mosaic. 
From the literature it thus appears that “tomato mosaic” generally is 
considered to be identical with tobacco mosaic. Its symptoms answer, in 
general, the descriptions given by Allard (1) and Gardner and Kendrick 
(12), while fern-leaf is commonly accepted as a symptom that is frequently 
associated with this desease. 

In more recent yean, symptoms differing from those referred to above 
have been reported, with the result that some investigaton have commenced 
to recognize distinct types of mosaic symptoms on tomatoes, without assert¬ 
ing, however, that these art caused by different viruses. For instance, 
Bewley (4) distinguishes five main types of mosaic symptoms on tomato 
foliage amprig which he lists the “tendril type”, which is characterized 
by. a reduction of the lamina and the production of tendril-like leaves. 
These various symptoms may, according to this investigator, be found 
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singly on individual plants or together on the same plant. Although 
granting that a considerable amount of investigation is still necessary, 
Bewley (4) is inclined to believe that 4 4 these symptoms are manifestations 
of the same disease, their appearance being governed by a number of fac¬ 
tors, chief of which are the environmental conditions under which the host 
plant is grown, and the degree of resistance exhibited by it.” Weber and 
Ramsey (29), working in Florida, recognize three types of tomato mosaic, 
namely, the linear type with filiform leaves, the crinkle type, and the mot¬ 
tle type. The linear type is reported as rather uncommon, while the crinkle 
type is by far the most common type of tomato mosaic in Florida. Ap¬ 
parently on the basis of symptoms, Poole (27) distinguishes three virus 
diseases on the tomato, namely, streak, mosaic, and the filiform disease. 
Johnson (18) reports eleven virus diseases affecting the tomato, which he 
obtained by inoculation with eleven distinct viruses. This would point 
to the possibility of great complications in the symptomatology of tomato- 
virus diseases and might explain some of the existing confusion. 

Materials and Methods 

The experimental work was carried out in the University of Wisconsin 
greenhouses at Madison. Wisconsin, between the months of September and 
June. The plants were started in flats in a warm greenhouse at 28-32° C. 
and transplanted into compost soil in four-inch pots. The common to¬ 
mato (Marglol>e variety ) was used in the majority of the experiments, 
but in some cases the “ potato-leaved” or large-leaved variety, Hudson Val¬ 
ley Maid (Lyco per strum rscult ntum Mill. var. grandifolium B.), served as 
host plent. 

The minimum number of plants inoculated for each treatment was five, 
and in many cases units of ten plants were used. Each unit was accom¬ 
panied by at least two and usually four or five noninoculated control plants. 
(Ireat care was taken to use healthy plants of the same age and of uniform 
size. The plants ordinarily were inoculated by the cotton-needle method 
when they were about 3 cm. high, at the time when the third leaf (exclu¬ 
sive of the seed leaves) was just emerging. 

Since tobacco is a better source of inoculum than tomato, the inoculum 
was prepared by pressing the crushed, fresh leaves of cucumber-mosaic 
or tobacco-mosaic tobacco through a piece of cheesecloth. The expressed 
juice was used for inoculation directly after extraction. The tobacco- 
mosaic virus used for inoculum was collected in the field and identified 
as Tobacco virus 1 (18). The cucumber-mosaic virus was kindly furnished 
by Dr. Doolittle of the U. S. Department of Agriculture; this virus an¬ 
swered the description of Cucumber virus 1 (18). If young tobacoo 
plants, kept under greenhouse conditions at 30° C., are inoculated with 
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Tobacco virus 1 and with Cucumber virus 1 , it is easy for the trained eye 
to distinguish between the two viruses, judging by symptoms only. 
Therefore, after inoculating each series of tomatoes, five tobacco plants 
were inoculated with the same inoculum, in order to check the identity and 
purity as well as the virulence of the virus employed. 

EXPERIMENTAL RESULTS 

After preliminary experiments had corroborated Johnson’s (17) findings 
concerning the association between fern-leaf symptoms and cucumber 
mosaic on tomato, special efforts were made to study the symptomatology 
of this disease. A fair percentage of infection was usually obtained in these 
preliminary experiments with Cucumber virus 1 , but only very few or none 
of the infected plants would show typical fern-leaf symptoms. In most 
cases the disease revealed itself only by stunting and a general chlorosis of 
the host plant, sometimes accompanied by a faint mottling of the foliage and 
slight malformation of the leaflets Besides the common tomato, four differ¬ 
ent botanical subspecies were used, which are classified by Bailey (2) as 
follows: Large-leaved tomato ( L . esculentum var. grandifolium B.), 
Cherry tomato (L. esculentum var. cerasiformi B.), Pear tomato (L. 
esculentum var. pyrtforme B ), and Upright tomato (L. esculentum 



Fig. 1. A. Healthy tomato leaf from control plant. B Tomato leaf showing ap¬ 
proximately maximum malformation secured with the tobacco mosaic virus; the common 
and characteristic Symptom is mottling only. C. Tomato leaves showing fern-leaf symp 
toms; these are produced pnly sporadically with wound inoculations but may be produced 
at will by aphid transmission of the cucumber mosaic virus. 
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var. validum B.). All five types of tomatoes were found to be equally 
susceptible to both the tobacco-mosaic virus and the cucumber-mosaic virus. 
Under the same environmental conditions, the symptoms produced by either 
virus on these varieties were essentially similar, and consequently it was 
assumed that the development of fern-leaf symptoms did not depend on the 
varietal characteristics of the host plant. 

In order to facilitate the discussion of the various symptoms brought 
about by changes of environment, etc., the symptoms of both mosaic diseases 
will be described as they appear on tomato plants inoculated in the third- 
leaf stage and kept at a greenhouse temperature of 18-23° C. 

Tobacco mosaic on tomato. The incubation period for this disease is 
usually about ten days at temperatures of 18-23° C. The symptom de¬ 
velopment can conveniently be divided into three successive stages, char¬ 
acterized, respectively, by stunting, malformation, and mottling. The early 
stage of the disease is marked by stunting of the whole plant and by fold¬ 
ing or rolling of the young leaflets along their midribs. This and the 
slightly pendant position of the leaves give the plant a spindly appearance. 
In the next stage a dark green bulging appears along the veins of the leaflets 
together with a chlorosis of the adjoining areas. At the Same time mal¬ 
formation of the leaflets becomes apparent as they flatten out. This mal¬ 
formation consists of a transformation of the normally-rounded lobes of the 
leaflets into delicate spine-like lobes.. The laminae of the leaflets are nar¬ 
rower than normal, and the smaller ones may occasionally be reduced even to 
filiform structures. The dark green bulging is usually very conspicuous in 
these malformed leaves (Fig. 1, B). In the foliage appearing during the 
third stage, the dark green bulging and malformation are replaced by a 
more or less diffuse mottling. Pale green or yellow areas appear between 
the veins of the leaflets, while the main veins are bordered by dark green 
zones. In the case of the potato-leaved varieties, the young leaves are not 
folded in the early stage, but, on the other hand, the dark green bulging 
along the veins is here more conspicuous than with the other varieties. 

Cucumber mosaic. In case typical fern-leaf symptoms develop, the first 
characteristic symptom of this disease, appearing about ten days after in¬ 
oculation, is the spindly appearance of the young leaves in the terminal 
bud. These leaves twist around in corkscrew fashion; the young leaves, 
which in a normal plant start to unfold at an early stage, remain folded, 
curve downward, or curl up in spirals. Chlorosis of the older leaves, 
especially along the veins, is also an early symptom. About three weeks 
after inoculation, the spindly leaves have unfolded, and typical distortions 
are formed which result in filiform leaves (Fig. 2). These leaves, of which 
two or three orginate from the terminal bud, are characterized by marked 
reduction of the lamina, often to such an extent that only the midrib is left 
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Fig 2 Left: Tomato plant showing fern leaf symptoms resulting from inoculation with 
cucumber mosaic virus. Bight. Healthy tomato plant. 

(Pig. 1, C.). Besides the filiform leaves developed in the terminal bud, 
several others may be formed in the leaf axils. A marked rolling and fold¬ 
ing of the leaves as well as a characteristic mottling often accompany these 
early symptoms. About five weeks after inoculation, when the filiform 
leaves are well developed, another type of symptom becomes apparent. This 
symptom is conspicuous by the excessive number of lateral leaflets produced. 
Por these leaves, which may also show either mottling or generatahlorosis, 
the n&ae “polypinnate” leaves is suggested (Fig. 3, B, C.). No study was 
made of the pathological anatomy of the polypinnate leaves, but observa- 
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tions of intermediate stages of this condition make it appear that the exces¬ 
sive number of leaflets originates from an excessive branching of the vascular 
system of larger leaflets, while these are still in the embryonic stage. After 
two or three polypinnate leaves have been formed, the subsequently-develop¬ 
ing terminal leaves usually appear more normal in their gross morphology, 
although mottling and chlorosis still remain. An early branching of the 
main stem and the prolific growth of axillary buds give the plant a bushy 
appearance. This and the general chlorosis and stunting are, to the casual 
observer, the most conspicuous symptoms. 



Fig. 3. A. Healthy tomato leaf from control plant. B. Polypinnate leaf from plant 
infected with the cucumber-mosaic virus. This abnormality is even more characteristic of 
infection with this virus than is the filiform leaf condition. C. The polypinnate condition, 
produced by the cucumber-mosaic virus, extended to the lateral leaflets. 

It is usually not difficult to distinguish between the filiform leaves of a 
cucumber-mosaic tomato plant and the malformed leaves of a tobacco-mosaic 
plant of the same age. The filiform leaves show decidedly less dark green 
bulging or none at all, and they do not stand out so rigidly, but rather hang 
down flaccidly or curl around like tendrils. The mottling produced by the 
cucumber-mosaic virus on tomato also differs from the mottling resulting 
from tobacco-mosaic-virus infection. The color contrast of the adjoining 
areas is much less conspicuous in the case of cucumber mosaic. Instead of 
the larger dark and pale green areas associated with tobacco mosaic, the 
foliage reveals a delicate mosaic pattern of minute, sharply-defined, angular 
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spots of two shades of green, intensified green usually being absent. This 
mottling and the marked general chlorosis may often be of help to dis¬ 
tinguish between these mosaic diseases. 

THE RELATION OP ENVIRONMENTAL FACTORS TO SYMPTOM EXPRESSION 

ON TOMATO 

Prom the preceding inoculation experiments it seemed more likely that 
the production of fern-leaf symptoms would be associated with certain en¬ 
vironmental factors or combinations of factors, and it was, therefore, deemed 
desirable to study the behavior of young tomato plants inoculated with 
Cucumber virus 1 under various environmental conditions in order to as¬ 
certain whether any such correlation existed. Since it had been reported 
by others (21) that fern-leaf symptoms could be produced by inoculation 
with a filtrable fraction of “tomato-mosaic” virus, which ordinarily is con¬ 
sidered identical with Tobacco virus 1, a parallel series of experiments was 
conducted, using the latter virus for inoculum. Being considered the most 
probable environmental factors to affect symptom expression, the following 
were studied: soil temperature, atmospheric temperature, atmospheric 
humidity, and light intensity. 

The Wiconsin constant-temperature tanks (20) were used to study the 
effect of soil temperature on symptom expression. The temperature of the 
soil was kept at approximately 15, 25, and 35° C., respectively, and the 
greenhouse temperature varied from 19 to 23° C. The plants were kept 
under observation for at least four weeks after the date of inoculation. 
Three series of experiments were carried out with tobacco mosaic, and 
essentially the same results were obtained in all cases. The effect of the 
soil temperature on the healthy plants was very marked. A vigorous plant 
was obtained at 35°, a less vigorous but well-developed plant at 25° C, 
while a much-stunted plant resulted at 15° C. So far as the mosaic plants 
were concerned, no unusual symptoms were produced. The symptoms at the 
three soil temperatures differed mainly in their rate of appearance and 
development, the most marked difference being between the plants grown at 
15 and those at 25° C. A temporary partial or total masking of symptoms 
was obtained at soil temperatures of 25 and 35° C., which is in agreement 
with the findings of Johnson (15) and Dickson (9) for tobacco mosaic on 
tobacco. In general, it may be concluded that the results of these experi¬ 
ments are the same as those obtained by Johnson (15); i.e., the effect of soil 
temperature is apparent only in so far as it affects the growth of the host 
plant. - 

Theteffect of soil temperature on cucumber-mosaic symptoms on tomatoes 
was also studied, but the results of these experiments did not permit the 
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drawing of definite conclusions, due to the low percentage of infection 
obtained. 

The temperature and humidity control chambers devised by Johnson 
(19) were employed for the study of atmospheric relations. Three chambers 
with approximate temperatures of 15, 25, and 35° C., respectively, were 
used to study the effect of air temperature. The plants were grown in the 
greenhouse and removed to the chambers directly after inoculation. They 
were kept in the chambers for two weeks and then returned to the green¬ 
house for two more weeks of observation. 

Besides being etiolated by the poor light conditions in the chambers at 
the time of the year when the tests were conducted, both healthy and dis¬ 
eased plants were also markedly affected by the air temperature. The plants 
grown at the medium temperature were the most vigorous; at 15° little 
growth took place and the plants were of light green color; while at 35° C. 
the plants were spindly with grayish green foliage. 

The results of three series of chamber experiments with tobacco mosaic 
were of such uniformity that they may be summarized in a few statements. 
All inoculated plants became mosaic. At 15° C., the incubation period was 
10 to 15 days; at 25 and 35° C., it was six or seven days. During the two 
weeks that the plants were kept in the chambers, typical symptoms developed 
only at the medium temperature. At the low temperature, the incubation 
period either exceeded two weeks or only the very early symptoms of the 
disease developed in the chamber. The foliage of the plants kept at 35° C. 
developed a dark green, sharply-defined mottling instead of dark green 
bulging. A week after removal from the chambers, the low- and medium- 
temperature plants showed typical tobacco-mosaic symptoms, while gradu¬ 
ally these symptoms also started to appear on the new growth of the stunted 
and spindly, higli-temperature plants. 

In the case of cucumber mosaic the results were very inconsistent; the 
percentage of infection was variable and the incubation period exceeded two 
weeks, so that the effect of the temperature on the symptom expression could 
not be determined. In order to provide better light conditions than those 
prevailing in the chambers, a series of tomato plants was placed in tempera¬ 
ture-controlled greenhouse sections directly after inoculation. The tempera¬ 
ture fluctuations here were more marked than in the chambers, but the devia¬ 
tions usually did not exceed more than a few degrees Centigrade. The dis¬ 
advantage of the variability in temperature was greatly compensated by the 
better light conditions, which permitted the exposure of the plants to the 
various temperatures for long periods without disturbing their photosynthe¬ 
tic activities. The average temperatures employed were 15, 20, 25, and 30° 
C., respectively. A fair amount of infection with the cucumber-mosaic virus 
was obtained at all temperatures and more or less typical filiform symptoms 
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were observed at 15, 20, and 25° C. The plants kept at 30° C. showed only 
semifiliform symptoms; their leaves were malformed with narrow laminae, 
but their transformation was not such that the term filiform was warranted. 

The relation of atmospheric humidity was studied by means of the same 
temperature- and humidity-control chambers. The temperature of all three 
chambers was kept at 30° C., while relative humidities of 40, 65, and 85 per 
cent, respectively, were maintained. Three experiments were carried out 
with each mosaic disease, but in no case could any effect be detected either on 
the symptoms of tobacco mosaic or on those of cucumber mosaic on tomato. 

In some of the experiments carried out in the chambers, necrosis was 
observed on the inoculated plants, which could not be attributed either to 
the humidity or to the temperature factor. It was noticed that this necrosis 
was more marked in the experiments carried out during November and 
December when light conditions were very poor than in the experiments 
performed during the succeeding months. This led to the belief that light 
intensity associated with mosaic disease might be the cause of the observed 
necrosis. 

Through the kindness of Dr. W. E. Tottingham, the writer was enabled 
to make use of two chambers in which light as well as temperature and 
humidity could be controlled. Five tomato plants inoculated with tobacco 
mosaic were placed in each chamber directly after inoculation. Five 
healthy plants served as controls in each chamber. A parallel set of mosaic 
and healthy plants wa$ kept in a warm greenhouse (approximately 30° C.) 
under natural light conditions. The temperature in the chambers was 28 
to 30° C. and the relative humidity was approximately 60 per cent. The 
plants, which were placed on a slowly-rotating table, received their illumina¬ 
tion only from an artificial source for eight hours each day. One chamber 
was provided with four 500-watt Mazda lamps, while in the other chamber 
only one such lamp formed the source of illumination. 

After one week the mosaic plants grown under low-light-intensity con¬ 
ditions showed a marked necrosis of the basal leaves, while the mosaic 
plants receiving 2000-watt illumination showed even less necrosis than 
those grown under natural-light, conditions in the greenhouse. Necrosis 
of the seed leaves on plants of this age is a natural phenomenon occurring 
on healthy plants even under the most favorable conditions. The necrosis 
of the mosaic tomatoes as caused by poor light conditions became apparent 
first on the basal leaves, while gradually higher leaves also were affected. 
In severe cases basal item necrosis developed, causing the plant to col¬ 
lapse and die as if attacked by a damping-off organism. The experiment 
was repeated three times with similar results. With the data on hand, 
it is impossible to give the exact interpretation of such phenomena, but it 
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might be considered as additional evidence that the disturbances caused by 
mosaic diseases have an important bearing on the photosynthetic processes. 

From the experiments with tobacco mosaic, it can be concluded that 
typical fern-leaf symptoms were not produced under any of the environ¬ 
mental conditions tried, although the symptom expression of the disease 
was affected in certain cases. So far as pertains to cucumber mosaic, the 
experiments reported here were not always satisfactory due to the varia¬ 
bility in the percentage of infection obtained, and definite conclusions were 
not fully justified. Cool atmospheric temperatures seemed favorable to 
the development of fern-leaf symptoms; but, on the other hand, it became 
evident from these experiments that the variability in infection percentage 
with the cucumber virus was not correlated with environmental conditions. 

It was then considered possible that the method of inoculation might 
have a more important bearing on this point and, consequently, a series 
of experiments was carried out to determine if any such relationship 
existed. 

The Relation of Aphids to the Development of Tomato 

Fern-leaf 

For a satisfactory study of the fern-leaf symptom as it results from 
infection with the cucumber-mosaic virus, it was, in the first place, highly 
desirable to be able to obtain a high percentage of infection with this virus 
on tomatoes. As has been shown in the previous experiments, the per¬ 
centage of infection could not be correlated either with varietal suscepti¬ 
bility or with changes in predisposition as brought about by environmental 
conditions. It was then thought possible that if the virus could be pro¬ 
vided with a more favorable substratum by bringing it in contact more 
directly with specific tissues, better results might be expected. In order to 
investigate this point, some experiments were carried out in which the 
inoculum was introduced into certain parts of the plants, making a special 
distinction between leaf parenchyma and the vascular system. The 
potato-leaved variety (Hudson Valley Maid) was mainly used in these 
experiments because of the greater simplicity of its vascular system. In¬ 
sect pins, provided with very small cotton wads, were used for inoculation 
instead of the rather coarse dissecting needles. Where the mesophyll was 
the point of inoculation, special care was taken not to injure the finer 
veinal structures, but naturally some injury resulted. A summary of 
these experiments is given in table 1 and, from the data presented, it may 
be seen that in Experiments 1, 2, and 6, a high percentage of infection was 
obtained in all cases, except where the inoculation was restricted to the 
seed leaves. In Experiments 4 and 5 a low percentage of infection resulted 
in all cases but one. It thus appears that no differences in percentage of 
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infection were obtained, which could be attributed to the irarious methods 
of inoculation. The great variability in the percentage of infection in 
the various experiments cannot now be explained, although it should be 
noted that Experiments 1 and 2 were carried out during April when light 
conditions were favorable, while all other experiments were performed 
during November when poor light conditions prevailed. 


TABLE 1 .—Remits of inoculation of different parts of the plant on the percentage of 
infection obtained with cucumber mosaic on tomatoes 


Experiment 

No. 

Part of plant inoculated 

Plants 

inoculated 

Plants 

infected 

1 Incubation 
| period 



Number 

Number 

| Pays 


Seed leaves 

10 

2 

1 16 


Simple leaves 

10 

10 

10 

1 

Seed leaves and simple leaves 

10 

10 

10 


Seed leaves, simple leaves, and fust 





compound leaf 

10 

10 

10 


Control (noninoculated) 

5 

0 



Mesophyll of simple leaves 

10 

10 

9 


Veins of simple leaves 

10 

10 

9 

2 

Veins of compound leaves 

10 

10 

9 


Control (noninoculated) 1 

i 

5 

0 

i 

1 


Veins and stem 

5 

5 

13 

3 

Mesophyll ' 

5 

2 

13 


Stem and petioles* 

15 

4 

15 


i 

Veins . | 

i 

10 

2 

17 

4 

Mesophyll 

10 

3 

17 


Control (noninoculated) 

3 

0 



Leaves** 

5 

1 

10 

5 

Stem** 

5 

2 1 

' 10 


Control 1 * (noninoculated) j 

5 

0 



Leaves** ~ - 

15 

14 


6 

Stem» . 1 

15 

12 

9 


Control^ (noninoculated) ^ 

4 

0 



• Inoculated by meana of hypodermic needle. <> Marglobe variety. 


While this work wps in progress, it was shown by Hoggan (13) that 
cucumber mosaic could be transmitted by the peach aphid to tomato from 
tobacco (Nicotiana tdbacum L.), N. rustica L., and tomato. I? was then 
but a logical step to make a comparative study of artificial inoculation 
by the cotton-needle method and infection by aphids. A colony of non- 
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viruliferous peach aphids, Myzus persicae Sulz., was kindly furnished by 
Dr. Hoggan. A supply of nonviruliferous aphids was kept in an insect- 
proof cage on young, healthy cabbage plants, while another supply of 
viruliferous aphids on young cucumber-mosaic N. rustica plants was 
kept in another cage. Nicotiana rustica was found to be superior to to¬ 
bacco as a host plant for the aphids. All aphid-transmission experiments 
were carried out in the greenhouse at a temperature of 20 to 23° C., unless 
otherwise mentioned. Infection was brought about by transferring leaves 
bearing 20 or more aphids to the plants to be infected. The aphids were 
allowed to feed for five or six days while the plants were kept in insect- 
proof cages. After this period, the plants were removed to another green¬ 
house to be fumigated. After fumigation, the plants were kept in a cool 
greenhouse (20-23° C.) for observation. 

A series of experiments was carried out to study the comparative effects 
of aphid transmission and inoculation by wounding on the symptom expres¬ 
sion and infection percentage of cucumber mosaic on tomato. The data 
presented in table 2 show clearly that striking differences resulted. Where 
the aphid transmission method was used, 84 out of a total of 90 plants be- 



Fia 4. A. Tomatoes infected with cucumber mosaic by means of peach aphids—B. To¬ 
matoes inoculated with cucumber mosaic \irus by wounding (only the plant 
in front shows mild symptoms)—C Control plants. 


came infected, and of these, 82 showed marked fern-leaf symptoms. On the 
other hand, only 20 out of a total of 120 plants became infected when the 
plants were inoculated by the cotton-needle method and only 7 of these 
showed fern-leaf symptoms. (Fig. 4.) The infected plants which did not 
develop filiform malformations revealed their diseased condition rally by 
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their stunted and chlorotic appearance and occasionally by mottling and 
slight malformations of the foliage. 

TABLE 2 .—The relation of method of infection to tomato fern-leaf development 




Infected by aphids 

Infected by wounding 

Noninoculated 

controls 

Experi¬ 

ment 

No. 

Variety 

Plants 

used 

Plants 

in¬ 

fected 

Plants 

show¬ 

ing 

fern- 

leaf 

Plants 

used 


Plants 

show¬ 

ing 

fern- 

leaf 

Plants 

used 


i 

i 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

i 

i 

Marglobe 

10 

10 

8 

5 

0 

0 

5 

0 

2 

Marglobe 

10 

9 

9 

10 

2 

1 

5 

0 

3 

Marglobe 

10 

10 

10 

45 

•; 

1 

5 

0 

! 

4 ' 

Marglobe 

20 

18 

1 18 

20 

2 

o 

5 

1 

1 0 

5 

Marglobe 

10 

9 

9 

10 

4 

0 

5 

0 


Hudson 

i 








6 

Valley 

10 

9 

9 

10 

1 

1 

5 

0 


Maid 





l 



* 


Hudson 





j 




7 

Valley 

10 , 

9 

9 

10 

2 

2 

5 

0 


Maid 

f 




i 

I 




i 

, Hudson 





i 




8 

Valley 

Maid 

10 

10 

10 

10 

0 ' 

0 

0 

0 


Total 

90 

84 

82 

i 

120 

1 

20 j 

7 

40 

0 


These experiments were carried out during December and January 
which may partly account for the extremely low percentage of infection 
resulting from inoculation by wounding. In the previously reported 
studies on environment, which were carried out under more favorable 
light conditions, 50 to 70 per cent of infection was often obtained, but none 
or very few of the infected plants developed fern-leaf symptoms. The 
feeding of nonviruliferous peach aphids (approximately 20 aphids per 
plant) on tomato plants in the third-leaf stage for two weeks 'produced no 
symptoms. Thus, positive evidence is obtained that fern-leaf symptoms on 
tomatoes can be produced at will hr infecting young tomato plants (second- 
or third-le& stage) with CuoUmBpr virus 1 by means of the peach aphid 
under the environmental conditions mentioned. 
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Fra. 5. A. Effect of atmospheric temperature on the development of tomato fern- 
leaf. Left to right: Healthy plant (grown at 20° C.); cucumber mosaic tomato plants 
grown at 15, 20, 25, and 30° C., respectively. B. Leaves taken from plants shown in A. 
0. Left: Healthy tomato plant. Bight: Cucumber—mosaic tomato plant showing early 
branching of main stem, prolific development of axillary buds, and filiform foliage. 
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If such plants infected by aphids were transferred to larger pots and 
allowed to grow to maturity, the following symptoms were observed: An 
early branching of the main stem frequently occurred and was usually fol¬ 
lowed by secondary branching. The plants were stimulated towards forma¬ 
tion of axillary buds, which, by their prolific growth, contributed consider¬ 
ably to a bushy appearance of the plant. (Pig. 5, C). Mottling was al¬ 
ways present, but a marked chlorosis and stunting were often more con¬ 
spicuous symptoms. The plants blossomed, but most blossoms failed to set 
fruit or the fruit was shed prematurely. The leaves were malformed and 
often filiform; crinkling of the leaves was a common symptom. Besides 
crinkling, a spiral-like twisting both of the whole leaflets and of their 
markedly malformed lobes could be observed. More or less polypinnate 
leaves were found in all new growth. The polypinnate characteristic and 
the marked crinkling of the leaves, together with the inconspicuous mottling 
and prolific growth of new shoots, make cucumber mosaic on tomato 
relatively easy to distinguish from tobacco mosaic on the same host. In the 
case of tobacco mosaic neither tendril-like, filiform leaves nor polypinnate 
leaves are formed. Crinkling of the leaves and a marked development of 
new shoots are special characteristics of cucumber mosaic, while distinct 
mottling is usually more conspicuous on tobacco-mosaic plants. It should 
be borne in mind, however, that diagnosis on the basis of symptoms is very 
difficult, if not impossible, if both viruses manifest their symptoms simul¬ 
taneously on the same host plant. In that case their symptoms will be 
superimposed and the presence of tobacco mosaic is difficult to detect unless 
inoculation experiments are carried out. 

If tomato plants are infected with cucumber mosaic by feeans of aphids 
after the plants have reached a height of five inches or more, much less 
marked malformation is obtained and in many cases the only disease symp¬ 
toms observed are stunting, chlorosis, and mottling. In the transferring 
of the virus to these larger plants, greater numbers of aphids were used, 
since the peach-aphid strain employed did not thrive well on larger plants 
Two experiments, however, each involving 15 inoculated plants, gave 100 
per cent of infection with cucumber mosaic but no fern-leaf. 

The production of fern-leaf symptoms thus depends on the age of the 
plant at the time of infection, and, as will be shown later, also on the atmos¬ 
pheric temperature. But, even when these requirements are fulfilled, the 
symptoms produced are not always of the fern-leaf type if the infection has 
been brought about by wounding. In most cases where wounding is em¬ 
ployed as the method of infection, the only symptoms produced arg mottling 
and slight stunting, in-other cases chlorosis or slight malformation 
will restilt, but typical flrn-leaf is produced only in relatively rare instances. 
There are, of course, several cases known among virus diseases where aphids 
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have proved to be much more efficient in the production of a high percentage 
of infection, but the writer knows of no case where a different type of 
symptoms has resulted if the infection was produced by means of aphids in 
comparison with artificial inoculation by wounding. Although attempts 
have been made to determine the cause of this behavior, an explanation for 
this interesting phenomenon is not now available. 

The Relation of Environmental Factors to the Development of 
Tomato Fern-leaf Produced by Aphid Infection 

Since it was now possible to obtain a high percentage of typical fern- 
leaf symptoms, it was considered worth while to study once more the effect 
of atmospheric temperature on the symptoms produced. Forty young 
plants were infected by means of aphids and then subjected to different 
atmospheric temperatures. / Five plants were placed in each of four 
constant-temperature chambers and five in each of four temperature- 
controlled greenhouse sections. Two noninoculated plants also were placed 
in each chamber and in each greenhouse to serve as controls. All aphid¬ 
bearing plants developed symptoms and all control plants remained healthy. 

The temperatures in the greenhouse sections were 12-18° C., 18-24° C., 
27-33° C., and 29-32° C., respectively. At 12-18° C. growth was very 
slow, but, after about four weeks, more or less filiform leaves developed 
on two plants, while the others showed malformation, stunting, and 
mottling. At 18-24° C. typical fern-leaf symptoms developed on all plants 
three weeks after inoculation and polypinnate leaves developed about two 
weeks later. At 27-33° C. the symptom expression was practically the 
same as at 29-32° C.; no typical fern-leaf symptoms developed on any of 
the plants although slight distortions and narrowing of laminae occurred. 
At these higher temperatures excessive branching was observed as well as 
the formation of polypinnate leaves, while mottling of the cucumber-mosaic 
type was rather conspicuous. 

The temperatures of the chambers were 10-11° C., 19-21° C., 24-26° 
C., and 27-30° C., respectively. The disease symptoms observed in the 
chamber were of the same order as those described above for the green¬ 
house, except for partial etiolation of the plants in the chambers. No 
growth took place in the chambers at 10-11° C.; after six weeks the in¬ 
oculated plants, which were spindly and chlorotic, showed marked leaf 
rolling. At 19-21° C., marked fern-leaf symptoms developed, while at 
the higher temperatures the disease expressed itself by excessive branch¬ 
ing, malformation, and mottling. These experiments thus show that the 
optimum temperature for the formation of fern-leaf symptoms lies between 
18 and 22° C.; the approximate minimum is 15° G. and the approximate 
maximum temperature, 25° C. (Fig. 5, A, B.) 
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In oilier to determine whether atmospheric temperature would change 
the predisposition of the host, ten young tomato plants grown in a warm 
greenhouse (30° C.) and ten others grown in a cool greenhouse (20°.C.) 
were infected at the same time by means of aphids. After fumigation, 
both groups were kept in the cool house. No difference was noticed either 
in the incubation period or in the percentage of infection produced. Typi¬ 
cal, stunted, filiform plants resulted in both cases. 

The effect of light intensity on cucumber-mosaic tomatoes was now also 
studied by using aphids for transmission of the virus. The experiment 
was performed in the same way as previously described for tobacco mosaic, 
except that the temperature of the chambers was now kept at 20 to 23° C. 
with a relative humidity of 45 to 50 per cent. All the infected plants in 
the high-light-intensity chamber developed typical filiform symptoms, while 
those kept under poor light conditions showed severe symptoms of wilting 
and necrosis which resulted in the death of some of the plants. 

Discussion 

The experimental results reported in this paper may contribute to the 
explanation of certain contradictory results obtained by previous investi¬ 
gators and may clear up some of the existing confusion concerning tomato 
mosaic. It is of interest, therefore, to consider once more the statements 
found in the literature in the light of the experimental results obtained 
by the writer. 

Westerdijk’s (30) failure to cross-inoculate the mosaic diseases of 
tobacco and tomato which she was studying may be explained by the 
fact that cucumber-mosaic tomato plants served as sources for inoculum. 
The artificial inoculation with cucumber-mosaic virus is much more dif¬ 
ficult than with tobacco-mosaic virus, especially when larger plants are 
used, as was often the case in Miss Westerdijk’s work. Moreover, the 
cucumber-mosaic virus soon loses its virulence after extraction, which is 
another factor that might account for her negative results. Prom the 
illustrations in her paper, it seems very evident that she did observe both 
virus diseases. Figure 1 and figure 3 of her paper show mottling and 
malformation, very typical for tobacco mosaic; while marked filiform 
symptoms are reproduced in figure 5. The latter may have resulted from 
aphid infection. 

In describing.the symptoms of tomato mosaic, Gardner and Kendrick 
(12) state that “the leaflets may be distorted and crumpled or reduced 
to narrow ribbons. Severely diseased plants may be greatly stunted and 
bushy with a yellowish cast^and the leaves so reduced as to warrant the 
term ‘fetfe-leaf.’ Such plants bear only stunted fruits or none at all.” 
With these words they present an extact picture of a cucumber-mosaic 
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tomato plant, and this would indicate that they, also, were dealing, in part 
at least, with cucumber mosaic. 

Lesley and Lesley (23) have reported the occurrence of “wiry” tomato 
plants resembling in appearance tomatoes affected with fern-leaf mosaic 
but differing from these by the hereditary nature of the wiry character. 
The results of their crossing experiments cannot be accepted as positive 
evidence, however, since insect control was not provided. The fact that 
the wiry symptoms were not observed to be transmitted in the field is the 
only evidence presented to establish its noninfectious character. 

With the facts at hand, special attention should be given to the work 
of Kraybill and Eckerson (21). According to these investigators, the 
juice of tomatoes affected with tomato mosaic can, by means of filtration, 
be separated into two fractions, one producing mottling symptoms only, 
while the other causes the formation of fern-leaf symptoms. In regard 
to their work it should be pointed out in the first place that, judging by 
their illustrations, their conception of fern-leaf differs from the commonly 
accepted idea of filiformity. The term fern-leaf is applied by them even 
to slightly narrowed and malformed laminae, such as frequently occur on 
tomatoes affected with tobacco mosaic. Only the plant pictured in the 
center of figure 4 of their paper (21) shows symptoms which suggest the 
presence of typical filiformity. A careful reading of their paper further 
reveals the fact that most, if not all, of their inoculations were carried 
out with inoculum that had been stored for more than one week. Such 
an aging process will naturally exclude the presence of any cucumber- 
mosaic virus that might have been present originally. In a more recent 
publication by Kraybill et al. (22), it is claimed that this filtrate retains 
its qualities even after being heated for two and a half hours at 126° C. 
Such a treatment will exclude the presence of cucumber-mosaic virus as 
well as tobacco-mosaic virus in the inoculum. With the meager data at 
hand, it is at the present time impossible to form an opinion on this matter 
which seems to add an entirely new angle to the plant-virus-disease problem. 

Of the various types of tomato-mosaic symptoms recognized by Bewley 
(4) the “tendril-type” is very likely a manifestation of cucumber mosaic. 
It would be difficult to make any definite statement concerning the other 
types, especially where illustrations are lacking. It might be mentioned, 
however, that two types of mosaic on cucumber occur in England, as stated 
by the same writer. According to the descriptions given by Weber and 
Ramsey (29), cucumber mosaic on tomatoes may be a disease of importance 
in Florida. Of the three types distinguished by them, it would seem that 
the linear type and possibly also the crinkle type are manifestations of 
cucumber mosaic, while the mottle type resembles tobacco mosaic. 
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Although not having been able to make a field survey, the writer is 
inclined to believe that cucumber mosaic on tomatoes is of more frequent 
occurrence than might be expected at first thought. The occasional ap¬ 
pearance of fern-leaf or filiform symptoms cannot be considered as a 
measure of the distribution of this disease. As has been pointed out in 
the experimental part of this paper, marked filiformity will result only if 
the plant is infected at a very early age. Considering the fact that the 
plants usually are sown in hotbeds, aphid infestations would hardly be ex¬ 
pected in the seed bed, and, especially in temperate climates, mass infection 
thus becomes improbable. The plants used for field planting have often 
grown beyond the stage where filiform symptoms would result from aphid 
infection in the field, and the symptoms produced are of a different type 
and are easily mistaken for tobacco mosaic. Another important factor to 
be considered in relation to field infection is the migration of the peach 
aphid. It is possible that where the tomato serves as a secondary host for 
the peach aphid, the plants will have reached such a size at the time of 
migration that typical fern-leaf symptoms can no longer be expected. 
Since other species of aphids have not been studied in connection with the 
fern-leaf disease, they can at present not be included in the discussion. 
The more frequent occurrence of fern-leaf under greenhouse conditions 
can be explained by the increased chance for aphid infestations. 

Summary 

1. Fern-leaf of tomatoes is chiefly characterized by the presence of 
filiform leaflets. This symptom has previously been shown to result from 
virus infection, but its comparatively rare and sporadic natural occurrence, 
together with the difficulty of reproducing it at will, prompted further 
investigation. 

2. Typical fern-leaf symptoms could not be produced with the ordinary 
tobacco- or tomato-mosaic virus (Tobacco virus 1 ) under any of the en¬ 
vironmental conditions to which the infected host was submitted. 

3. Fern-leaf may occasionally be produced by artificial infection of the 
tomato with the cucumber-mosaic virus (Cucumber virus J), as previously 
reported by Johnson. 

4. Tomato fern-leaf can be,produced regularly and at will by infecting 
young tomato plants with the cucumber-mosaic virus by means of the peach 
aphid (Myzus persicae). 

5. The optimupi atmospheric temperature for the expression of fern- 
leaf symptoms lies between 18 and 22° C.; the approximate minimum tem¬ 
perature is 15° C. and the approximate maximum is 25° C. 

University ar Wisconsin, 

Madison, Wisconsin. 
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EFFECT OF SEED-POTATO TREATMENT ON YIELD AND 
RHIZOCTONIA IN NORTHEASTERN MAINE FROM 
1925 TO 1928 12 

E. S. Schultz,® L. 0. G r a t z , 4 and Reiner Bonde® 

Introdution 

Tests of seed-potato treatments conducted in many potato-growing 
localities by others have shown that corrosive sublimate is one of the most 
effective treatments for controlling Rhizoctonia. 0 Although the old stand¬ 
ard treatments controlled certain tuber diseases, they frequently failed to 
increase the yield. In fact, treating occasionally induced significant de¬ 
creases in yield. Moreover, the additional time and labor involved in 
treating potatoes greatly contributed to the failure of the majority of the 
potato growers to treat seed potatoes. This situation encouraged addi¬ 
tional investigations on the improvement of seed-treatment materials and 
methods. 

The introduction of hot formaldehyde by Melhus 7 is a distinct improve¬ 
ment in some ways over the older methods. This method greatly reduces 
the total period of time of treating (though not necessarily the actual labor 
time per bushel) and is fully as effective as the former standard methods. 

The organic mercuries recently developed by the Bayer and du Pont 
companies 8 have reduced the time of treatment to a minimum and have 
provided for the treatment of cut as well as whole seed. The yields se¬ 
cured by the use of these newer compounds have compared favorably with 
those obtained with the old standard treatments. In general, however, 
they have been reported as not controlling Rhizoctonia as well as corrosive 
sublimate. 

} Conducted as a cooperative pi oject between the Bureau of Plant Industry, U. S. 
Department of Agriculture, the Florida Agricultural Experiment Station, and the Maine 
Agricultural Experiment Station. 

2 The authors wish to express their gratitude to Dr. W. J. Youden, of the Boyce 
Thompson Institute for Plant Research, Yonkers, N. Y., for helpful suggestions and criti¬ 
cisms on plans for replicated plots, and to the Bayer and du Pont companies for furnish¬ 
ing various organic-mercury compounds and treatment formulae for their products. 

8 Senior Pathologist, U. S. Department of Agriculture. 

4 Associate Plant Pathologist, Florida Agricultural Experiment Station. 

5 Associate Plant Pathologist, Maine Agricultural Experiment Station. 

« Rhizoctonia solaiU Kuhn, imperfect form of Cortunum vagum B. & C. 

7 Melhus, I. E. Seed treatment with hot solutions of formaldehyde and mercuric 
chlorid. Phytopath. 8: 81. 1918. 

8 Now consolidated as the Bayer-Semesan Company, Inc., of New York. 
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Experience has shown that conflicting results may be obtained from the 
same treatment in different localities in any one year or in different seasons 
in any one region. 

In view of (1) the new materials and methods, (2) the variation in 
results according to locality, (3) the importance of Aroostook County 
(northeastern Maine) as a potato region, and (4) the absence of recent tests 
of new or standard treatments in Aroostook County, it was thought de¬ 
sirable to conduct such tests in this particular area. This was done from 
1925 to 3928, inclusive. A further reason for this work was the hope of 
determining some of the causes of unexplained variation, especially with 
reference to controlling Rhizoctonia and increasing the yield. 

General Experimental Methods 

Irish Cobbler tubers uniformly covered with sclerotia of Rhizoctonia 
were used in the experiments. Clean tubers also were treated with cor¬ 
rosive sublimate to obtain information on soil infestation by Rhizoctonia. 
In 1925 and 1926 the clean tubers represented a different strain of Irish 
Cobblers from the diseased lots so that no comparison of yield between the 
two lots was made in those seasons. In 1927 and 1928, however, clean and 
diseased tubers were selected from the same strain, thus providing for 
comparison of yield between the two lots. 

The same workman cut the tubers into 1.5-ounce seed pieces for all four 
seasons, thus providing as uniform seed as possible under representative 
field conditions. The seed pieces were planted by hand at 14-inch inter¬ 
vals in rows 3 feet apart. Commercial fertilizer, used at the rate of 1500 
pounds per acre, was applied in the rows with a planter so that the soil 
and fertilizer were completely mixed before planting. 

During each of the four seasons, the plots were located on apparently 
uniform Caribou loam on Aroostook Farm, Presque Isle, Maine, where a 
3-year rotation with oats, clover, and potatoes is followed. 

The potatoes were treated according to the formulae recorded in the 
tables and were stored in bushel crates in a cool cellar for about two weeks 
before planting. The tubers treated with hot formaldehyde were covered 
with burlap for one hour immediately after treating. 

Observations were made on stand, relative vigor, seed-piece decay, stem 
lesions, tuber infection, and yield. Readings on seed-piece decay were 
taken only in 1927 and 1928. The observations on seed-piece decay and 
stem lesions were made when the plants were about 4 to 6 inches above the 
soil; stems showing only slight Rhizoctonia lesions were included in the 
Rhizoctonia percentages. The percentages of seed-piece decay include 
partly as well as completely decayed seed pieces. The percentage of tuber 
infection indudes any tubers showing Rhizoctonia sclerotia regardless of 
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the extent of the infection. This percentage was obtained from repre¬ 
sentative tuber samples of each replication. In order to obtain reliable V 
data on tuber infection it was necessary to wash the tubers each year at 
harvest, which began as soon as the foliage had matured. 

The yields secured in the 1925 and 1926 experiments were calculated 
on the basis of total yields, while those obtained in 1927 and 1928 were 
based on the weights of marketable tubers. Tubers were graded according 
to the standards of the United States Department of Agriculture. The 
percentage differences in yield were obtained by comparing the yield of 
each treated lot with that of the corresponding untreated diseased control. 
It was found that the percentage differences in yield of marketable tubers, 
primes, or total tubers were similar. 

.6745 x standard deviation __ 

The formulae PEM =- j======== -and PED = ya 2 + b 2 , 

\/no. of items v 

where a = probable error of the mean of the treated lot and b = probable 

error of the check with which the treated lot is compared, were used for 

determining the significance of the differences in yield. Odds as listed by 

Pearl and Miner 9 were used. 

Experimental Data for 1925 

Procedure . Twelve treatments as recorded in table 1 were conducted. 
Each treated diseased lot was planted beside an untreated diseased control 
and replicated in four 200-foot rows. Every fourth row represented a 
treated healthy control as an index on soil infestation. The seed pieces 
were dropped in the open rows and covered immediately after planting. 
Observations on stand, stem lesions, tuber infection, and yield are recorded 
in table 1. 

Stem lesions. The sprouts from 25 hills per replication, or 100 hills 
of each lot, were examined for Rhizoctonia lesions to determine their cor¬ 
relation w r ith soil infestation and the disease on the seed pieces and tubers. 
Clean and infected stems frequently appeared in the same hill where the 
extent of infection varied from slight lesions to girdling of the shoots. As 
indicated in table 1, one to 39 per cent of the hills in the treated diseased 
lots manifested stem lesions, while 65 per cent of the hills in the nontreated 
controls showed stem infection. Only one per cent of the treated healthy 
lots showed lesions. This indicates that the percentage of stem lesions was 
generally correlated with the amount of seed-piece infection and with the 
control of their infection by treatment. 

The lots treated with hot and cold corrosive sublimate showed only 1 
per cent each of stem infection and indicated the best control. From the 

• Pearl, Raymond, and John Rice Miner, A table for estimating the probable sig¬ 
nificance of statistical constants. Maine Agr. Exp. Sta. Bui. 226: 85-88. 1914. 



TABLE 1 .—Results obtained with seed-potato treatments m northeastern Maine in 1925 


50 


Phytopathology 


[Vol. 20 



Whole tubers treated in all lots. 

Significance is shown by odds of over 22 to 
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percentage of stem infection, especially in the untreated lots, one might 
have expected considerable unevenness in stand later. However, at blos¬ 
soming time the general appearance of the tops in the treated and un¬ 
treated lots was the same. 

Tuber infection . On September 17, shortly after the death of the tops, 
the plots were harvested and one-bushel samples per replication, selected 
from representative sections of the plot, were reserved for observations on 
tuber infection. Each sample of approximately 200 tubers was examined 
for Rhizoctonia sclerotia. 

The data on tuber infection recorded in table 1 disclose the fact that 
corrosive sublimate gave the best control. With the exception of the 
Rayer-compound-treated lot, showing slightly more tuber infection than 
the diseased control, the treated lots manifested less infection than the 
diseased control. A close correlation was found between stem infection 
and tuber infection. In general, smoother, cleaner, and less deformed 
tubers appeared in the treated than in the nontreated lots, although the 
relative percentage of badly infected tubers was so small that the appear¬ 
ance of the entire stock was not marred. 

Yield. Significant increases in yield were obtained from the lots treated 
with acidulated corrosive sublimate, Uspulun and Semesan. With the ex¬ 
ception of the lot treated with cold formaldehyde, which gave a slight 
decrease in yield, the other treated lots showed slight increases in yield 
over the diseased control. It is interesting to note that the highest in¬ 
creases in yield were obtained from the treated lots possessing relatively 
high percentages of stem and tuber infection, which suggests that Rhizoc¬ 
tonia infection was not the only determining factor but that possibly in¬ 
jurious effects from certain treatments may have reduced yield more than 
did the effects from Rhizoctonia. 

Experimental Data for 1926 

Procedure . As recorded in table 2, eighteen treatments were compared 
in 1926. Three replications of 2o hills each were conducted for each treat¬ 
ment. Every fifth, sixth, and seventh row represented a clean nontreated, 
a clean treated, and a diseased nontreated control, respectively. 

In view of the small number of replications, individual hill weights of 
all the lots were taken to secure adequate comparisons between the diseased 
treated lots and the nontreated controls. Since the clean treated and non¬ 
treated lots represented a different strain of Irish Cobblers from the dis¬ 
eased lots, comparisons of yield between them were not made. 

Formulae and results of the treatments are recorded in table 2. 

Stem lesions . As shown in table 2, all treatments reduced the number 
of stem lesions. The treated diseased lots manifested 0 to 33 per cent of 



TABLE 2 .—Remits obtained wtth seed potato treatments tn northeastern Maine in 19£6 



1 0=eel teed piece* treated ; W = whole toiler* treated. 
* Significance is shown by odds of orer 22 to 1. 
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stem infection, while the diseased control showed 49 per cent and the 
treated clean but one per cent of infection, thus indicating a close associa¬ 
tion of seed-piece infection with stem lesions. 

The most effective control was found in the lots treated with 12 Bel, 
37 Bel, Semesan Bel 1-20, Bayer Special 90, 37 Bel dust, and cold and 
hot corrosive sublimate showing 0, 1.6, 1.7, 1.7, 3.3, 3, and 5 per cent of 
stem infection, respectively. Different concentrations and forms of the 
same products gave inconsistent results; the 37 Bel dip and dust treatments 
were about equally effective in controlling stem infection, while Semesan 
Bel dip 1-20 on cut seed appeared much more effective than Semesan Bel 
dip 1-10 on whole tubers or dust on cut seed. The results indicate that 
the liquid treatments controlled stem lesions letter than the dusts. 

Tuber infection. As in 1923, observations on tuber infection disclosed 
a close correlation between stem lesions and tuber infection. 37 Bel dip 
gave perfect control, while the lots treated with cold corrosive sublimate 
and Semesan Bel dip 1-20 gave 2 per cent of infected tubers. The non- 
treated clean and diseased controls produced 4.9 and 39.5 per cent of 
tuber infection, resjiectively. The lot treated with Semesan Bel dip 1-10 
manifested 47.3 ]>er cent of infected tubers and was the only treated lot 
which showed more disease than the diseased control. The extent of 
Rhizoctonia infection on the tubers was similar to that in 1925 and did 
not affect materially the appearance of the entire stock. 

Yield. Significant increases in yield w ere obtained from the lots treated 
with Semesan Bel dip on whole and cut tubers, 12 Bel dip, Bayer Dust 
11-6, Semesan Bel dust on cut tubers, hot corrosive sublimate, and hot and 
cold formaldehyde. The lots treated with cold corrosive sublimate, 37 
Bel dip, Semesan Bel dust, and Bayer Special 89 dip yielded slightly less 
than the diseased control. It is noteworthy that, as in 1925, certain treat¬ 
ments, giving very good control of Rhizoctonia, did not increase the yield. 
This suggests that possible injury from treatment may be more detrimental 
to the plants than Rhizoctonia. The hot corrosive-sublimate lot produced 
next to the highest increase in yield, while the one treated with cold cor¬ 
rosive sublimate slightly umleryielded the control, indicating that the same 
material differently applied may vary greatly in its effects in the same 
season. Cold formaldehyde effected a significant increase in yield in 1926, 
while in 1923 this treatment produced a slight decrease in yield, showing 
that the effects of the same material may vary widely in different seasons 
in the same locality. That low vigor is not invariably associated with low 
yield is shown by the high vigor but low yields from the lot treated with 
Bayer Special 89 dip. 

Although the yields of the healthy lots were not compared with the 
diseased lots on account of difference in origin of the two, it is noteworthy 
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that the diseased lot treated with the cold corrosive sublimate manifested a 
relative vigor of 78.7, while the clean lot given the same treatment showed 
a relative vigor of 96.8. This indicates that a different reaction may be 
obtained from different lots of the same variety of seed potatoes treated 
with the same treatment in the same season and locality. 

Experimental Data for 1927 

Procedure . The clean and diseased tubers were obtained from the same 
commercial stock of Irish Cobblers. The treated lots and nontreated con¬ 
trols were planted in plots arranged according to the chessboard plan 
(Table 5), a modification of the magic-square system. This plan provides 
for better distribution of the different lots from the standpoint of com¬ 
petition and soil variations than do the systems followed in 1925 and 1926. 
Moreover this plan provides for more satisfactory biometrical measure¬ 
ments with more replications, but with fewer plants per replication, than 
does that of 1925. Although ten 25-hill plots per treatment were made, 
yields were calculated for nine replications in view of considerable soil 
variation in one replication. 

Observations on stem lesions and seed-piece decay were made on 52 
hills per treatment which were planted in a plot adjoining the one for 
yields and were examined when the plants were about 4 to 6 inches above 
the soil. 

The formulae and results of tbe treatments are recorded in table 3. 

Seed-piece decay. The treatments apparently inhibited seed-piece de¬ 
cay. The nontreated diseased control showed decay in 100 per cent of 
the seed pieces in contrast w T ith four of the treated diseased lots which 
remained free of decay. The nontreated clean control developed 33 i>er 
cent of decay, while the corrosive-sublimate-treated lot showed none. How¬ 
ever, the clean lot treated with 2B dip had 15 per cent more decay than 
the nontreated clean control, thus suggesting that this might have caused 
seed-piece injury and subsequent decay. The diseased nontreated control, 
showring 66 per cent more decay than the clean nontreated control, seems 
to indicate that Bhizoctonia on the seed pieces favors seed-piece decay. 
However, further w r ork on this phase of seed-potato treatment is necessary 
before all factors influencing seed-piece decay are known. Contrary to 
expectations, seed-piece decay was controlled as well by treating whole 
tubers as by treating cut tubers. 

Stem lesions. Two clean treated lots and the clean nontreated control 
did not develop stem infection, while the diseased treated lots developed 
from 2 to 40 per«cent of stem lesions. Corrosive sublimate and cold for- 
malfthydse gave the best control, with lesions on but 2 per cent of the 
plants. It is interesting to note that the diseased check with 8 per cent 



TABLE 3.— Result* obtained with need potato triatments in northeastern Maine in JW 



i Wrwhole tubers treated; C = tubers treated after rutting. 
* Bignifleanee is shown by odds of over 22 to 1. 

>M=a million or more. 
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stem lesions showed considerably less infection than most of the treated 
diseased lots, which probably indicates that the extensive seed-piece decay 
in this lot might have inhibited Rhizoctonia from infecting the stems. Only 
a trace of Rhizoctonia hills with aerial tubers and of black-leg plants ap¬ 
peared in the plots. 

Tuber infection. The percentage of infected tubers in the different 
treated diseased lots ranged from 14 to 43. Corrosive sublimate gave the 
best control. It is noteworthy that the diseased control, with only 27 i>er 
cent tuber infection, showed less Rhizoctonia on the tubers than most of 
the treated lots. This was contrary to the results of tuber infection ob¬ 
tained from the diseased control in 1925 and 1926, when, with one excep¬ 
tion, it gave the highest percentage of infected tubers. Whether the ex¬ 
tensive seed-piece decay in the diseased control or variations in soil infes¬ 
tation, as suggested by relatively high tuber infection in the clean controls, 
influenced the results was not determined. With a few exceptions, prob¬ 
ably induced by variations in soil infestation, a rather close correlation ap¬ 
pears between stem lesions and tuber infection. 

Yield . As recorded in table 3, significant increases in yield were ob¬ 
tained with all treatments except duPont 2B dip 1-30 which effected only 
a slight increase over the diseased control. It is interesting to note that 
the yield from the corrosive-sublimate treatment was from 1 to 18 ]>er cent 
greater than that from other treatments. However, only slightly lower 
yields resulted from treatments with Semcsan Bel and Dipdust on cut 
seed and with cold formaldehyde than from corrosive sublimate. DuPont 
2B apparently was injurious. 

The greater number of treated lots showing increases in yield than in 
1925 and 1926 may be due to more extensive seed-piece decay as well as 
more Rhizoctonia infection in 1927 than during the two previous seasons 
These results suggest that the control of seed-piece decay by treating was 
one of the primary factors contributing towards significant increases in 
yield. A relative vigor below 80 was apparently associated with the lowest 
yields, but the highest relative vigor was not correlated with the highest 
yields. 

Experimental Data for 1928 

Procedure . A similar series of treatments with the same plot arrange¬ 
ment as in 1927 was conducted in 1928. The Bayer products, Dipdust 
and Bayer Special 181, were the same as those used in 1927, so that the 
results of these materials and of the old standard treatments can be com¬ 
pared for*the two seasons. Certain modifications of the du Pont products, 
Semesan Bel and 76 Bel, prevent similar comparisons with them. Ten 
26-hill replications per treatment were made. The formulae and results 
of the tre&tmfnts are recorded in table 4. 



TABLE 4.—Resuits obtained trdh seed potato treatments tn northeastern Maine in 19iS 
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Seed-piece decay. Seed-piece decay ranging from 2 to 60 per cent ap¬ 
peared in the different lots. The lots treated with 76 and 77 Bel dip and 
with corrosive sublimate each developed only 2 per cent of decay, while 
the nontreated diseased and water-dipped diseased controls showed 38 and 
48 per cent of decay, respectively. Cut seed treated with Improved 
Semesan Bel developed 60 per cent decay, suggesting injury as well as 
ineffective control of organisms responsible for decay. The highest per¬ 
centage of seed-piece decay appeared on treated cut seed and on the dis¬ 
eased controls, indicating possible treatment injury as well as injury from 
organisms harbored in the soil or on the tuber. 

Stem lesions. Stem infection ranged from 4 to 56 per cent for the 
treatments, while the highest infection, 79 per cent, appeared on the dis¬ 
eased control. The best control was obtained with 76 Bel which appar¬ 
ently was slightly more effective than corrosive sublimate. The total in- 
jury from lesions was most severe in the lots showing the highest percentage 
of infected stems. As in previous seasons, stem infection was closely 
correlated with infection of seed pieces, although the relatively high stem 
infection in the clean controls indicates either some undetected seed-piece 
infection or soil infestation. 

Each of 12 treated lots developed 1 per cent or less of black-leg hills, 
while the remaining six treated lots showed from 1 to 3 per cent black leg, 
the highest percentage appearing in the lot treated with hot formaldehyde 
No black leg occurred jn the diseased control. Although present, black 
leg was not abundant enough to lead to definite conclusions 

Tuber infection. The diseased lots showing the lowest tuber infection, 
25 and 27 per cent, were treated with 76 Bel and corrosive sublimate, re¬ 
spectively. The highest percentage, 88, of infected tubers appeared in the 
lot treated with Improved Semesan Bel, which was the only one showing 
more infection than the diseased control. The relatively high percentage 
of infected tubers in the clean treated and clean control lots indicates some 
infection from the seed pieces or from the soil. Some correlation apitcant 
between stem lesions and tuber infection. 

Yield. Significant increases in yield were obtained from all the treat¬ 
ments, with the exception of Improved Semesan Bel used on whole tubers, 
which yielded only slightly more than the diseased control. The highest 
increases in yield in the diseased lots were obtained with 76 Bel, cold for¬ 
maldehyde, and corrosive sublimate. Hot formaldehyde gave fair control 
of Bhizoctonia infection 'but in c reas e d the yield only 6 per cent. This is 
barely sigpifieant. Possibly this treatment was injurious to the seed pieces 
and thus inhibited the yield as much as did injury from Bhixoctonia. 
Clean seed treated with Dipdust, corrosive sublimate, and flmmsan Bel 
dip produced slightly higher yields than the highest yielding, treated, dis- 
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eased lots and the clean control. The lowest yielding lots were also as* 
sociated with the lowest relative vigor. 

As in previous seasons, the greatest increases in yield w r ere not invari¬ 
ably obtained from the lots showing low infection with Rhizoctonia, a fact 
which suggests that possible treatment injury may reduce yield more than 
does Rhizoctonia infection. 

Discussion and Conclusions 

Recent result a from investigations outsuh of Maine .—The writers have 
made a survey of results reported from recent seed-jKitato-treatment experi¬ 
ments, especially with reference to the effects upon Rhizoctonia and yield. 
In view* of the nature of the problem and of the results, it seems desirable 
to present here only the conclusions derived from this survey. 

The results of the various recent investigations on potato treatment for 
Rhizoctonia show that corrosive sublimate is one of the mast effective treat¬ 
ments for controlling this disease. However, in some cases corrosive sub¬ 
limate has not been significantly more effective in killing Rhizoctonia 
sclerotia than formaldehyde or certain of the organic-mercury products. 

The recent evidence on yield obtained with seed-!>otato treatments by 
investigators in different localities indicates that significant increases in 
yield resulted in some localities, while slight to significant decreases in yield 
appeared in the same season in other localities. Moreover, in the same 
locality increases in yield resulted in one season, while in another decreases 
in yield apjieared in connection with the same treatment. Comparative 
seed-potato treatments with corrosive sublimate, hot formaldehyde, and 
organic-mercury fungicides conducted in the principal potato-producing 
States indicated that certain organic-mercury preparations gave more uni¬ 
form results oil yield than either corrosive sublimate or hot formaldehyde. 

The evidence that certain treatments giving the best control of Rhizoc- 
tonia failed sometimes to increase the yield indicates that injurious effects 
on the tubers from treating may inhibit yield more than Rhizoctonia. 

This brief summary from a review* of literature show's that the results 
obtained elsewhere lead to the same general conclusions as may now be 
drawn from the results in Maine. 

Results in Maine . Treating Rhizoctonia-infected potatoes with cor¬ 
rosive sublimate, formaldehyde, and certain organic-mercury fungicides 
effectively inhibited Rhizoctonia. However, the percentage of badly in¬ 
fected tuber progeny from the nontreated diseased controls frequently 
was so low that the appearance of the entire lot was not greatly affected, 
Unger such conditions, it is apparent that the advisability of treating seed 
potatoes could be questioned unless significant increases in yield could be 
shown. Fnan the results on control and yield obtained in 1925 one might 
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have doubted the advisability of seed-potato treatment, particularly of 
tubers relatively free from Bhizoctonia sclerotia. 

However, the results obtained from the experiments in 1926 to 1928 
show that under other conditions certain treatments effected significant in¬ 
creases in yield and, with a few exceptions, increased the percentage of 
clean tubers. 

Nontreated clean tubers, which did not manifest Bhizoctonia sclerotia, 
frequently produced cleaner tuber progeny and greater increases in yield 
than treated diseased tubers, which were uniformly covered with sclerotia. 
These results indicate that seed-piece-infection was correlated with infec¬ 
tion of progeny and with yield. A similar correlation appeared between 
Bhizoctonia infection of seed pieces and of stems in the absence of soil 
infestation or in soils apparently slightly infested with Bhizoctonia. 

The evidence that certain treatments inhibited seed-piece decay, which 
apparently affected the yield in 1927, emphasizes the importance of observa¬ 
tions on the condition of the seed piece in the soil and on the vigor of the 
plants. It is probable that Bhizoctonia at times may have been wrongly 
regarded as the primary cause of reduced yields, unless this disease should 
be related in some manner to conditions favoring seed-piece decay. It is 
interesting to note that in 1927 all the seed pieces in the nontreated 
Bhizoctonia control manifested different stages of decay involving in se¬ 
vere cases the entire seed piece when the plants were about 6 inches above 
ground, while no decay occurred in several of the treated lots. The greater 
number of treatments showing significant increase in yield in 1927 than 
during the two* previous seasons apparently indicates that seed-piece decay 
may have been one of the contributing factors. 

Results on control of Bhizoctonia and on yield obtained from 1925 to 
1928 with some organic mercuries and with corrosive sublimate and for¬ 
maldehyde are represented in figure 1. The corrosive sublimate and for¬ 
maldehyde treatments were applied to whole tubers. In 1925 and 1928 
the organic-mercury treatments represented in figure 1 were applied to 
whole tubers, while, in 1926 and 1927, these treatments were used on cut 
tubers. Since the differences between treated cut and treated whole tubers 
were not invariably significant regarding yield or control, these factors do 
not materially affect the comparison of the results. Certain modifications 
of the organic-mercury preparations made by the manufacturers during the 
four seasons prevent afequate season-to-season comparisons of these re¬ 
sults. However, 'the efllctiveness of these products can be compared with 
that of corrosive sublimate and formaldehyde during the same season. 

Although our experience with seed-potato treatments conducted on the 
same farm during four seasons shows that Bhizoctonia can be inhibited 
and that the yields can be maintained as well as increased, the results ob- 
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SCCP POTATO TREATMENTS FOR RHIZOCTONIA 
<W NORTHEASTERN MAINE _ 

FtPCCNT IMCHCAX — 



PlO. 1 

tained here must uot be regarded as criteria of what may occur under dif¬ 
ferent conditions. Treating small lots of potatoes, storing them in crates 
favorable to drying after treating, and planting the seed pieces by hand 
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may be conducive to more nearly optimum conditions than prevail in gen¬ 
eral practice, especially where large lots of potatoes are treated. Further¬ 
more, variations in variety, dormancy of tubers, nature and extent of dis¬ 
eases, moisture, temperature, and soil may greatly influence tbe results. 
Moreover, the evidence that, under certain conditions, treating sprouted 
tubers, delayed drying of tubers after treating, and exceeding the optimum 
concentration and time of treatment, potatoes may be injured by treating 
emphasises the importance of treating Beed potatoes under as nearly 
optimum conditions as possible. Additional investigations covering various 
factors, which may influence the results of treating potatoes, may contribute 
to improved methods of conducting seed-potato treatments. 

Inconsistent results on yield emphasize the importance of additional 
investigations relating to various factors which are involved in seed- 
potato treatments. It will suffice to mention improvement in treating 
methods and in conditions of storing and handling treated potatoes, stage 
of dormancy and maturity of tubers, variations in susceptibility of dif¬ 
ferent varieties to treatment injury, modifications of disinfecting products 
making them less injurious to the tubers but maintaining their toxic effects 
on the pathogenic organisms, the nature and extent of the diseases to be 
controlled, and the effect of soil, temperature, and moisture on host and 
pathogene. 

Summary 

1. In the seed-potato treatments conducted from 1925 to 1928 on 
Aroostook Farm, Maine, consideration was given to replication of plots, 
seed-piece decay, stand (percentage of plants emerging), vigor, stem lesions, 
sclerotial infection of tubers by Rhizoctonia, and yield. The treated lots 
were of the Irish Cobbler variety, were mostly of one commercial stock, 
and were planted in Caribou loam. 

2. Seed treatment with most of tbe materials reduced seed-piece decay, 
improved the stand, increased the vigor, inhibited the formation of stem 
lesions and of tuber-borne sclerotia by Rhizoctonia, and increased tbe yield. 
However, the same treatment has varied in its effects from one season to 
another, giving sometimes sign iff cant and sometimes nonsignificant differ¬ 
ences or even undesirable results such as seed-piece injury or yield 
reduction. 

3. Corrosive sublimate was one of the best treatments for controlling 
Rhizoctonia and in two seasons effected the highest increase in yield. How¬ 
ever, the increased yields obtained with corrosive sublimate were not always 
significantly greater than those obtained with formaldehyde and with 
certain oi^anic-mercury compounds. Hot corrosive sublimate gave as ef¬ 
fective control of Rhizoctonia as cold corrosive sublimate. Hot formalde- 
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hyde controlled Rhizoctonia as well as cold formaldehyde, but was less 
effective than corrosive sublimate. 

4. Among the organic-mercury fungicides 76 Bel dip, used only in 
1928, was as effective for Rhizoctonia control and for increase in yield as 
corrosive sublimate. Although Dipdust (1-20) used in 1927 and 1928 
gave consistent increases in yield, it did not inhibit Rhizoctonia as well as 
corrosive sublimate and formaldehyde. Semesan Bel (1-10) used in 1926 
and 1927 gave about the same results as Dipdust (1-20). Improved 
Semesan Bel (1-20) used in 1928 apparently was less effective than 
Semesan Bel (1-10). 

5. Seed treatment was most effective on seed tubers infected with 
Rhizoctonia. Beneficial results were also secured in some eases by seed 
treatment of apparently disease-free tubers. 

6. Seed-piece decay was inhibited as well by treating whole tubers as 
by treating cut seed. Seed-piece decay sometimes reduced the stand, vigor, 
amount of Rhizoctonia infection of stems and tubers, and yield. 

7. Tuber infection by Rhizoctonia sclerotia was not necessarily abundant 
enough to detract from the appearance of the crop even when grown from 
nontreated infected seed. 

8. As indicated above, the yield was influenced by various conditions 
of the test. It was increased most by Rhizoctonia control in 1928; but, in 
1927, was increased most by control of seed-piece decay. 

9. Recent tests conducted outside of Maine and those reported here, 
agree in respect to the variable effect of seasonal or climatic factors, and 
that the same treatment may vary in results with the locality and type 
of soil. 

10. The development of disinfecting products simple in application, 
noninjurious to the seed potatoes, and effective in disease control appears 
essential for insuring the widest application of seed-potato treatments. 
Noninjurious instantaneous dip treatments perfected so that they will 
control Rhizoctonia and similar tuber-borne maladies more effectively than 
the present products seem to offer possible prospects for improving seed- 
potato treatment. 



TWO PHYSIOLOGIC FORMS OF USTILAGO STRIAEFORMIS 

(WESTD.) NIESSL 

W. H. Davis 

Ustilago striaeformis is a smut organism which commonly parasitizes 
many of our common grasses. Mycologists and pathologists have based 
the classification of this organism on the following morphological characters 
which appear to be fairly constant for the smut collected from many hosts: 
Echinulate chlamydospores (spores); similarity in spore measurements; 
germination of the chlamydospores as in the genus Ustilago; and similarity 
of the symptoms which are indicated by long, black stripes containing 
chlamydospores principally located in the leaves and stems of the hosts. 

Granting that there is but one morphological species parasitizing the 
different hosts, the physiology of the fungus or the problem of physiologic 
forms (physiologic races or physiologic species) has remained unsolved and 
this investigation was undertaken partially to solve the problem through 
an attempt to answer the following questions: 

1. Are there physiologic forms of V. stria*formis? 

2. Specifically, w'ill germinated chlamydospores removed from timothy 
Phieum pratinsc L., infect seedlings of redtop. Ayrostis }>ahistris Huds. ! 

3. Will germinated chlamydospores removed from redtop infect timothy 
seedlings? 

4. Will reciprocal inoculations show infections similar to inoculations within 
these two host species? 

5. Are the morphological characters of the smut organism on different 
hosts similar? 

COMMON NAME 

Leaf smut of timothy is the common name by which this disease has 
generally been known on each of the different grass hosts in America. 
This common name was first employed by Trelease (71 in 1882. Pammel 
(6), in 1901, reported it as timothy smut but Rostrup. in Denmark, (Lind, 
p. 267) spoke of it as grass smut (“ Grasscmes Stinkbrand"). This smut 
lias been reported on 23 different genera and 40 species of grasses, other 
than timothy, from Europe, America, and Australia. Furthermore, the 
writer (1) has showm that the organism is not wholly confined to leaves 
but is systemic, as hyphae and chlamydospores have been located in 
rhizomes, culms, leaves, and floral parts of grasses. Thus the usage of leaf 
smut and its association with timothy alone are misleading. So, to conform 
with the facts, the common name leaf smut of timothy should be discon¬ 
tinued and striped smut of grasses be substituted. 
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HISTORICAL 

Osner (5) was the first to report results of inoculations with chlamy- 
dospores of UstUago striaeformis but he did not report reciprocal and 
multiple inoculations, the results of which are necessary to determine 
physiologic-form specialization. Furthermore, infection studies could 
not have been properly conducted since the proper conditions for germina¬ 
tion of the chlamydospores, the locations of the infection area (seedling 
infection), and the life history of the organism were then unknown. 

Lind (3) stated: 1 2 * 4 ‘It has not yet been proved whether all the said forms 
are really to be joined into one species, still such morphological differences 
as might condition a different species do not occur. ” 

Liro (4) has presented a review of the classification of this organism 
and has shown the need for an investigation of physiologic-form specializa¬ 
tion. A translation follows: “It is difficult to recognize the various species 
of this fungus and one cannot help but wonder whether the mycology of 
VstUago striaeformis has definitely given so much deception that it will 
take considerable labor and pains before we can satisfactorily learn to 
recognize the sub-species of this group-species. But first of all, the biology 
of the species, concerning which very little is known in literature, must 
be thoroughly investigated / 9 

FIELD OBSERVATIONS ON THE HOSTS 

During the past eight growing seasons, 1920-1927, inclusive, the writer 
made field observations and collections in Wisconsin, Iowa, Illinois, New 
York, Pennsylvania, Maine, New Hampshire, Vermont, Massachusetts, and 
Connecticut. These observations were made specifically to determine the 
existing host range and to collect spore materials for experimentation. 
They may be partly summarized as follows: 

1. In the various meadows, pastures, and lawns, timothy and redtop plants, 
together with those of other grasses, had been growing in contact with 
one another for several years. The species of plants smutted may be 
grouped: 

A. Timothy infected with smut, but all the redtop and other grasses 
smut-free. 

B. Redtop infected, but the timothy and other grasses svnut-free. 

C. Smutted timothy and redtop in the same field with other species 
of healthy grasses. 

D. Timothy and redtop smut-free, but other species of grasses 
smutted. 

E. No smutted grass to be found in the plat. 

2. In general, only one grass host was severely parasitized at a given sta¬ 

tion or plat. If other smutted grasses were present, the plants were 

generally scattered ^and in the minority. From these generalizations, 
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it seemed that there were some evidences to show the presence of 

phj'siologic forms in the field. 

MATERIALS AND METHODS 

The timothy and redtop seeds, from which the seedlings were incubated 
for inoculation, were collected from the following sources: 

1. A seed firm at Boston; 2. White mountain timothy from New 
Hampshire; 3. An Iowa grower of timothy seed; 4. Collections from fields 
in Wisconsin, Massachusetts, and Connecticut. 

The redtop was Agrostis palustris Iluds. (A. alba L.). Other varieties 
of this species were not employed in the seed collections. 

All seeds had been stored for one or more years before they were 
germinated for experimental purposes. It lias been shown (1) that, under 
optimum conditions, the chlamvdospores of f\ striafformis seldom, if ever, 
remain alive more than midyear. Thus, it seemed unnecessary to steril¬ 
ize the seeds, as the seedlings were considered free from infection by any 
chlamydospores which might have remained attached to them. However, 
checks were prepared by transplanting uninoculated seedlings incubated 
from each of the seed collections. 

The spore materials were collected from twelve different stations in 
four different States, but. as shown in table 1. most of these stations were 
located in Massachusetts. This range was considered sufficiently wide in 
scope to include any physiologic forms of the fungus that might parasitize 
either host. Furthermore, spore materials were collected in 1922 and 1924 
from grass plants previously removed from fields in Wisconsin and trans¬ 
planted in the pathological garden at the Massachusetts Agricultural Col¬ 
lege. When collected, most of the spore materials were within living, green 
leaves and stems of the hosts. When each sample of spore material was 
removed from the host, it was placed in a paper packet which was folded 
and properly labeled. Special care was taken to prevent the spores in one 
packet from being transferred to another. The collections were made 
separately and the packets not allowed to come in contact with each other. 
Spore materials were removed also from artificially inoculated plants in the 
greenhouse by employing inoeula removed from the same host species. 
These are indicated in table 1 by the numbers 4, 6, 8, and 11. 

Most of the spore materials were transferred from the packets to damp 
filter paper within covered jars and stored at room temperature, 20° C. 
The jars consisted of Petri dishes and glass-stopper bottles of various sizes. 
The filter paper in these bottles was kept moist by occasionally adding a 
small amount of cool, boiled tap water. Likewise, fifty of these spore ma¬ 
terials were prepared, but inoeula were used from only 12, as indicated in 
table 1. The others were too contaminated or the spores did not germinate 



TABLE l. — A table showing the localities , dates, and hosts fiom which Ustxlago striaeformts was colUcted for inoculum. Also, 
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sufficiently for investigational purposes. It would seem that the geographic 
distribution of these 12 spore materials was sufficient to include any widely 
distributed physiologic form of this smut. The dates on which the spore 
germination tests were made, together with the percentage that germinated, 
are also shown in table 1. The methods employed in the inoculations were 
those which have already been described by the writer (2). Both ger¬ 
minated and ungerminated chlamydospores were placed on the coleoptiles 
of seedlings submerged in water. Furthermore, seedlings grown from 
hull and hulled seeds were employed, but the final results sought were the 
same, regardless of the hulling. However, a higher percentage of infected 
plants was obtained by removing the hulls in one inoculation (Table 2. At. 
Seedlings of different ages and lengths of coleoptile were inoculated. The 
age of the seedlings was considered to be the number of days between the 
date on which the seeds were set to germinate in distilled water and the 
date their seedlings were inoculated. This period, together with the opera¬ 
tion of other factors such as heat, light, and viability of the seeds, deter¬ 
mined the length of the coleoptile. Seedlings with coleoptiles longer than 
4 mm. were not inoculated. 

Seedlings were never planted twice in the same greenhouse soil for 
fear that some of the ungerminated chlamydospores falling from seedlings 
of a previous planting might infect subsequent ones. 

The water-holding capacity of the soil could not be satisfactorily con¬ 
trolled. but an effort was made to retain it at 30 per cent of its holding 
capacity as figured on a dry basis. 

By observing the above precautions, the conditions for infection, to¬ 
gether w'th the purity of viability of the inoculum and seed, seemed suf¬ 
ficient for experimental pur]>oses. 

INOCULATIONS 

Several preliminary tests were made in which inoculated timothy and 
redtop seedlings were transplanted in plats located in the pathological 
garden (table 2, series A, I, J, K). As the results of these' inoculations 
in the open were afterwards verified by others in greenhouse beds, the 
remainder of the work was performed in the greenhouse, where some of the 
environmental conditions could be controlled and the plants were little 
influenced by the change of seasons. 

The first observation of the inoculated seedlings was generally recorded 
about six wwks after they had been transplanted. Thereafter, observa¬ 
tions and records were made fortnightly. In some series, the infected 
plants were removed as soon as they were observed; in others, they were 
marked by placing wooden labels in the soil at their sides. However, only 
one ease was recorded in which infection was observed before five weeks 
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had elapsed after the inoculations. It seemed necessary, though, to con¬ 
tinue the observations until most of the inoculated plants had developed 
stools and floral parts, for it was often observed that only stools and floral 
parts showed symptoms of the disease. 

A symptom previously unknown to the writer developed in several 
inoculated timothy plants. The plants were stunted and the stems twisted 
similar to those of wheat when infected by the w heat nematode, Thylenchus 
tritici (Steinbuch) Bastian. In one case, mycelium of the smut was located 
in these plants and chlamydospores had formed, but no nematodes could 
be found. 

CIILAMYDOSPORE MEASUREMENTS 

Davis (1) reported that the chlamydospores from timothy and redtop 
were about the same length, but those from redtop w r ere slightly wider 
(timothy, 8.4x11 microns; redtop, 9.3x11 microns). Fresh chlamydo¬ 
spores were collected in Wisconsin, Connecticut, Massachusetts, New Hamp¬ 
shire, and New York and measured during the spring, summer, and fall 
for two years. Also, chlamydospores from each inoculum indicated in 
table 1 were measured. No method was found w’hereby the chlamydospores 
of either host could be differentiated by relying on morphologic characters 
alone. More often, the chlamydospores of redtop were the broader and 
of a deeper or intenser color. Sometimes, smutted redtop collections could 
be differentiated from those of timothy by the deep chocolate color of the 
chlamydospores. The sizes "of chlamydosimres varied with the seasons, as 
those from both hosts were somewhat larger in the early spring and late 
fall than in midsummer. 

In each series, the number of seedlings inoculated and the percentage 
of infected plants are recorded in table 2. In series A. 220 timothy plants 
and 204 redtop seedlings, or a total of 424 seedlings, survived after being 
inoculated and transplanted. In series E, each of the five lots was inoc¬ 
ulated with chlamydospores from a different source and 1508 seedlings 
survived. In B and C, timothy inoculum number 5 from Connecticut in¬ 
fected timothy seedlings incubated from seeds collected in Wisconsin and 
Connecticut; timothy inoculum 7 from Amherst infected seedlings incubated 
from seeds collected in Massachusetts and New Hampshire; inocula 11 and 
12 from redtop collected at Amherst infected seedlings incubated from 
redtop seeds collected in Massachusetts, New Hampshire, and Connecticut. 

In series W, it is to be noted thjft timothy inoeula collected at Madison, 
Amherst, and Ithaca infected timothy seedlings from seeds collected in 
Massachusetts; also, that inoculum from redtop collected at Amherst in¬ 
fected seedlings from redtop seeds collected in Iowa. Likewise, various 
other combinational the inoculations are shown in table 2. 
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The percentage of infected seedlings was computed from the number 
of seedlings of the susceptible host inoculated and not from all seedlings 
inoculated. As in series a, table 2, 424 seedlings were inoculated of which 
220 were timothy and, of these 220, 36 or about 16 per cent were infected, 
but redtop showed no infection. Where several inoculations were made 
in one series (Table 2, series E), the percentage of infection expresses that 
part of all the inoculated plants of one host which were infected. Prom 
table 2 it is to be noted that the percentages of infection in the various in¬ 
oculations varied from 8 to 37. This was probably due to a variation of un¬ 
controllable factors, such as differences in the stages of the seedlings and 
viability of the chlamvdospores which were unavoidably removed from 
different sori in the spore materials; variation of temperature, sunlight, 
moisture, soil reaction, and fertility. However, the percentages of infected 
plants were sufficient to show that when the timothy and redtop seedlings 
incubated from seed collected in Iowa, Wisconsin, Massachusetts, Con¬ 
necticut, and New Hampshire were inoculated with viable ehlamydospores 
collected from these two Mosts in Wisconsin. Connecticut, New York, and 
Massachusetts ehlamydosjmres from timothy infected only timothy and 
those from redtop infected only redtop. 

REACTION IN AGRONOMIC STRAINS OK TIIMTIIY 

The foregoing experiments had shown physiologic forms in l\ sirutr- 
formis on two hosts, but it would seem that further evidence were needed 
to answer the following questions: Are some agronomic strains of timothy 
susceptible to this smut fungus? Are they resistant? Arc they immune? 
Are there physiological forms of the smut fungus parasitizing timothy? 

The following collections of timothy seed were made, in addition to the 
numbers indicated in table 2: Wisconsin, 3; New York, 2; Massachusetts, 7. 
Also, C. H. Myers of Cornell University furnished seed of his agronomic 
strains: 4081, 4001, 4123, 4003, 4031, 4078, 4070, 4059, 1777, 1676. 

The spore materials were those indicated in tabic 1 and others, making 
a total collection from stations in each State as follows: Massachusetts, 5; 
Connecticut, 2; New York, 2; Wisconsin, 2. 

The methods of inoculation were those described in the foregoing pages 
of this paper. The agronomic strains were inoculated with but one sample 
of inoculum collected in each State. Infected plants were observed in 
each of the inoculations. The artificial infection varied from 70 to 1 per 
cent. The agronomic strains were arranged in the order of their resistance, 
beginning with the least resistant: 4079-R1; 167&-R2; 4123-R3; 4001-R4; 
1775-R5; 4081-R6; 4003-R7; 4078-R8; 4031-R9; 4059-R10. 

No agronomic strains of timothy were found immune from the spore 
forms of V . striaeformii employed and no physiologic strains of the fungus 
were detected parasitising this host species. 
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DISCUSSION 

It is possible that collections from stations of a wider geographic dis¬ 
tribution, or in foreign lands, may reveal physiologic strains of U. striae¬ 
formis parasitizing timothy. One can conceive the insurmountable 
task before the investigator if all possibilities are removed. However, if 
such strains should lie demonstrated in the future, the physiologic forms 
of this smut parasitizing timothy and redtop might better be known as 
biot\n>€$ and physiological races or forms applied to those forms of the smut 
fungus on a single host species. 

SUMMARY 

1. Ustilago striaeformis is a Latin binomial which has been assigned by 
mycologists and pathologists to a smut fungus parasitizing about 40 of our 
grasses. This classification was based on a similarity of the symptoms and 
chlamydosj>ores as found on each of the hosts. 

2. The common name of the disease, Uaf smut of timothy, should be dis¬ 
continued and strijrtd smut of grasses substituted. 

3. Lind and Liro stated that an investigation ought to be made to de¬ 
termine whether this smut was of many or of one physiologic form as well 
as morphologic species. 

4. Field observations showed some evidences of physiologic specializa¬ 
tion. 

f). This investigation was concerned with two hosts, namely, timothy 
and redtop. After-rij>ened chlamydospores from each of these hosts were 
employed as inoculum. 

6 rhlamydos|x>re.s were collected from 7 stations in Massachusetts; 2 
in Iowa; 3 in Wisconsin; 1 in New York; and 3 in Connecticut. These 
chlamydospores were after-ripened (incubated > from 2 to 9 months and 
tests indicated 50 to 99 per cent germination. Of the 50 s|K>re collections 
thus incubated for experimental purposes, only 14 were usable when after- 
ripened. The geographic distribution of these 14 collections was con¬ 
sidered wide enough to include any widely distributed physiologic form of 
the smut which might exist in our north-central and eastern agricultural 
districts. 

7. The seedlings inoculated were incubated from seeds of timothy and 
redtop collected in Iowa, Wisconsin, New York, Massachusetts, Connecticut, 
and New Ilamt>shire. The geographic distribution of the seeds was con¬ 
sidered wide enough in scope to include any widely cultivated agronomic 
strain of timothy which might be immune from or decidedly resistant to 
this smut fungus. 

8, Reciprocal inoculations and inoculations within these two host species 
were performed on seedlings. 
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9. From observations and data which were recorded in table 2, these 
statements seem warranted: 

A. Chlamyspores removed from timothy seldom, if ever, infect red- 
top, bnt may infect timothy seedlings. 

B. Chlamydospores removed from red top seldom, if ever, infect 
timothy, bnt may infect redtop seedlings. 

C. There are at least two physiologic forms of U . striae,formis, one 
parasitizing timothy and one parasitizing redtop. 

10. No definite morphologic characters were found by which the 
chlamydospores of the timothy form could be differentiated from those of 
the redtop form. However, those from redtop may sometimes be distin¬ 
guished by their deep chocolate color. 

11. Agronomic strains of timothy were inoculated and none was found 
immune from the smut fungus, the inoculum of which was removed from 
timothy. No physiologic strains of the fungus were detected parasitizing 
timothy. 

Massachusetts Agricultural College, 

Amherst, Massachusetts. 
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STUDIES ON THE RELATION OP TEMPERATURE TO THE 
GROWTH, PARASITISM, THERMAL DEATH POINTS, 

AND CONTROL OP MYCOGOXE PERNICIOSA 1 

Edmund B. Lambert 

INTRODUCTION 

It has been known for more than a quarter of a century that the disease 
of cultivated mushrooms known in France as “la mole” and in the United 
States as “bubbles” is caused by Mycogone perniciosa Magnus. In con¬ 
gested centers of mushroom growing this disease has become a limiting 
factor and it is probably conservative to estimate the annual loss in Penn¬ 
sylvania at 15 per cent of the potential crop, or about 1,500,000 pounds of 
mushrooms. Experiments and observations have been made to determine 
possible sources of inoculum and the efficacy of formaldehyde as a fumigant 
and a soil disinfectant (1, 2, 3, 4). But there have been no controlled ex¬ 
periments made to determine the effect of environmental factors on the 
development of the pathogcne. Because of the importance of temperature 
in mushroom culture and the ease with which growers can control it in a 
modern mushroom house, the writer has made a series of experiments to 
determine the relation of temperature to the growth of Mvcogone and its 
capacity for infection and also to determine its thermal death points when 
exjK>sed for different lengths of time. It was found to be killed by pro¬ 
longed exposure to moderately-high temperature. This suggested further 
exj>criment8 which were made to determine the feasibility of eradicating 
Mycogonc from casing soil by means of the heat generated in mushroom 
houses during the final period of fermentation of the manure. 

HATH OF GROWTH AND INFECTION 

The temperature in mushroom houses during the period of sporophore 
formation is usually held between 10° and 20° C. (50° and 68° F.). How¬ 
ever, during hot spells in late spring or early fall the grower is unable to 
control the temperature and it may remain as high as 21° to 24° C. (70° 
to 75° P.) for several days. Many growers have noticed that bubbles are 
most prevalent during or shortly after these hot spells and assert that they 
are never bothered with more than an occasional bubble in houses which 
have been kept below 13° 0. (55° P.) after casing. To throw additional 
light on this question experiments were made under controlled conditions 

* The writer wishes to express his appreciation to Dr. L. A. Hawkina, Mr. &. 
0. Wright, and Dr. J. I. LauriUen for the use of constant-temperature rooms and incu¬ 
bators and to Mr. J. F. Brewer for the drawings and the photographs. 
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to determine the effect of temperature on the rate of growth of M. perniciosa 
in pure culture and on the infection of mushrooms growing at different 
constant temperatures in artificially-infested soil. 

As in Smith’s (3) cultures, the fungus grew most rapidly when sub¬ 
jected to temperatures between 20° C. and 28° C. (68° and 82° P.), which 
is above the normal range of temperatures for growing mushrooms. At 
15° C. (59° P.) growth was very slow and at 10° C. (50° P.) there was 
only a trace of growth (Pig. 1). Prom this we may conclude that the 



Fra. 1. The effect of temperature on the rate of growth of Uycogone perniciota on 
Thaxter’a agar; measurements were taken 7 days after inoculation. 

organism spreads more slowly over the beds as the temperature approaches 
10° C. (50° F.). But the formation of sporophores of Agaricus campestris 
also is markedly retarded as the temperature approaches 10* C., as shown 
in figure 2. Therefore, further experiments were made to determine if 
infection is diminished by low temperatures. In these experiments twelve 
mushroom cultures in aluminum cans were cased with artificially-infested 
moist soil and twehflp were cased with Mycogone-free soil as checks. The 
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Pig. 2. The effect of temperature on the rate of growth of aporophores of Agancus 
oampestns var. 4 4 Snow White'*; diagram baaed on the average of mea¬ 
surements taken from several specimens at each temperature. 


cans were then placed in rooms in which constant temperatures were main- 
tained at 21° C., 15* C., and 30° C. (70°, 60°, and 50° F.). There was 
100 per cent infection in the eight cultures which were infested and held 
at 21° C. and at 15° C., while, at 10° C., there were more normal than 
infected mushrooms. There also was only a partial infection in cultures 
which had been 100 per cent infected at 21° C. and subsequently cleaned 
of bubbles and placed to grow again at 13° C. and 10° C. The cultures 
illustrated in figure 3 are typical of the results obtained. These experi¬ 
ments substantiate the observation of the growers that Mycogone is re¬ 
tarded to a greater extent than mushrooms by low temperatures and indi¬ 
cate that, even in the presence of an excess of inoculum, less bubbles may 
be expected at temperatures approaching 10° C. than at temperatures 
above 15° C. 

THERMAL DEATH POINTS 

According to the present practice, mushroom manure is fermented in 
such a way that all of the compost is subjected to comparatively high tem¬ 
peratures at one time or another. Outdoors, a large portion of the com- 
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Fxo 3 The effect of temperature on the infection of Agancu* campestn # growing 
in soil which had been generously infested 0?ith My cog one pemietosa, strain 13A —Cal 
tare A was cased with Mycogone free soil and incubated at 70° F , culture B was cased 
with infested soil and incubated at 70° F., culture 0 was eased with Mycogone free sdtl 
and incubated at $0° F j culture D was cased with infested soil and incubated at 60° F , 
culture JC was cased with infested soil and incubated at 50° F. 
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post heap usually reaches temperatures of 60° to 73° C. (140° to 165° P.) 
for several hours at a time and inside of the house the beds are made with 
warm compost and the temperature continues to rise for a few days after 
they are made, often reaching 60° C. (140° F.). The air temperature 
inside the house, especially near the ceiling, may go as high as 50° C. (120° 
F.) for 24 to 48 hours. The question naturally arises, can M. perniciosa 
withstand these temperatures and persist in the manure! Several experi¬ 
ments were made to clear up this point. Preliminary tests indicated that 
pure cultures of Mycogone are more easily killed by high temperatures in 
sterile soil and sterile manure than in agar. Further experiments were 
therefore made to determine the temperatures at which cultures on agar 
in test tubes would be killed when exposed for different lengths of time. 
The transfers were made on Thaxter’s agar from parent cultures about ten 
days old. As a precaution against drying out, large blocks of agar were 
transferred from the parent cultures and inverted on the fresh agar slants 



01254567881011 ft M 
TIME OF EXPOSURE IN HOURS 


Flo. 4, The thermal death pointa of Mycogone pernicwsa when exposed to different 
temperatures for different lengths of time; cultures were made on Th&xter’s agar and 
the black dots indicate at least one live culture out of the four exposed, while the circles 
indicate all cultures dead. 
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so that an abundance of chlamydospores and Verticillium spores was buried 
in the agar. As an additional precaution beakers of water were placed in 
the incubator and at the higher temperatures the tubes were capped with 
tinfoil while they were heated. The results of this series of experiments 
are shown in figure 4. It is evident that Mycogone is quite sensitive to 
prolonged exposure to moderately-high temperatures. Under the condi¬ 
tions of these experiments vigorous cultures failed to survive exposure to 
temperatures no higher than 42° C. (108° F.) for periods of more than 6 
hours. It therefore seems highly improbable that the pathogene can remain 
alive in actively fermenting manure. 

EXPERIMENTS WITH HEATED SOIL 

The results of the preceding experiments indicate that even the air 
temperature in the upper part of a well-managed mushroom house is high 
enough during the fermentation period to kill Mycogone spores. This sug¬ 
gested the possibility of utilizing this heat to eradicate soil infestation by 
placing the casing soil inside the mushroom house during the fermentation 
period. Several experiments were made to determine whether soil could 
be successfully treated in this way. In one series of tests, artificially- 
infested soil was subjected to temperatures of 52° C. and 45° 0. (126° and 
113° F.) for different lengths of time and subsequently used for casing 
mushroom cultures. The cultures were then placed under ideal condi¬ 
tions for the development oi bubbles, the presence or absence of which was 
used as the criterion of presence or absence of the pathogene in the soil. 
The results of these tests, given in table 1, substantiate the conclusion drawn 
from data obtained with pure cultures on agar. Altogether they seemed 
to warrant m aking further tests in a commercial mushroom house. 


TABLE 1 .—The effect of heating soil which has been artificially infested with Mycogont 
pemiciosa (strains 48, 8, and ISA) on the amount of infection tn cultures of 
Agaricus oampestns, in which this soil was used for casing 


1 

No. of fc&ita 
treated 

Number of mushrooms growing 

Temperature 

Centigrade 


Trial I 

Trial II 



[ 

| Infected j Healthy 

Infected Healthy 


Cheek 

1 6 

1 0 1 

4 

0 


6 hours 

2 

29 

0 

10 

52° 

: a:: 

' 0 
0 

• 16 

10 

0 

0 

1 

ft 


Cheek 

33 

' 0 

4 

0 

• i 

| 6 hours 

, i 

11 

1 

4 

45* 

1 lfr “ r 

! o 

, 17 

0 

3 


t \ 

i 0 

1 

i 1 

0 

22 


I 





1930] 


Lambert: Mycogone Perniciosa 


81 


In these experiments both naturally and artificially infested soils were 
subjected to the heat generated by fermenting manure. 2 The soil was 
placed in round metal pans 5 in. deep by 18 in. in diameter. These pans 
were set in a mushroom house over fermenting manure, with one edge 
touching the manure. The temperature of the soil rose to 131° F., about 
halfway between the air temperature (118° F.) and the manure tempera¬ 
ture (140° F.). This temperature was maintained over night, about 14 
hours. In the morning the house was opened to release the cyanide gas 
and the temperature immediately began to fall. By the next morning, 
when the soil was removed from the house, the temperature of the soil had 
dropped to 108° F. Four sections of bed were cased wuth this soil: Two 
with heated soil, naturally infested and artificially infested, and two with 
unheated soil, natuially- and artificially infested. 

Six weeks later there was 100 per cent infection on the artificially 
infested check plot and on the naturally infested check plot there was about 
80 per cent infection, while on both the plots cased with heated soil there 
was no trace of infection. The high percentage of infection in the check 
plot eased with naturally infested soil and the complete absence of infec¬ 
tion in the corresponding heated plot were of particular interest since they 
offer at least one piece of evidence indicating that there are not likely to 
be more resistant spore forms in nature than there were in our artificially 
infested cultures. 

DISCUSSION'S AND CONCLUSION* 

The results of the experiments presented in this paper tend to clear 
up several phases of the Mycogone problem: They offer a reasonable ex¬ 
planation for the severe outbreaks of bubbles which are so often associated 
with hot weather, they suggest a method of reducing the loss in infested 
houses, they indicate that manure probably is not a source of inoculum in 
mushroom houses in which there is an active fermentation during the final 
heat, and they suggest a simple and inexpensive method of eradicating 
jtf. pcrniciosa from infested-casing soil. The severe infection often ap¬ 
pearing in houses which have been overheated during or following a hot 
spell seems to be due to the fact that the optimum temperature for the 
growth of M . pcrniciosa is higher than the normal range of temperatures 
for growing mushrooms, and the comparative scarcity of disease in cool 
houses seems to be correlated with the fact that under controlled conditions 
only sporadic infections develop at temperatures approaching 10° C. (30° 
F.), even in the presence of an abundance of inoculum in the soil. In 

* The naturally infested soil was garden soil, heavily fertilized with spent mushroom 
manure for three years. The experiments were made in the houses of the Keystone 
Mushroom Company, Coatesville, Pennsylvania, and the facilities for making them were 
kindly placed at my disposal by Mr. L. P. Lambert and Mr. Charles H. O. Sweigart. 
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view of these facts it would seem advisable to keep the temperature below 
13° C. (55° P.) in all houses known to be heavily infested. 

Mycogone perniciosa has been shown to be quite sensitive to prolonged 
exposure to moderately high temperature. This indicates that it probably 
cannot withstand the temperatures developed in manure during active fer¬ 
mentation, especially during the final heat in the mushroom house. If the 
manure is left out of consideration, there is considerable circumstantial 
evidence which indicates that casing soil is the principal source of inoculum. 
Beach (I) came to this conclusion after three years’ observation of con¬ 
ditions in Pennsylvania; and Smith (3), in England, and Beach have 
shown that formaldehyde can be used successfully to eradicate Mycogone 
from soil. In practice, however, this method has certain obvious disad¬ 
vantages and it would seem to be simpler, safer, and less expensive for the 
average commercial grower to eradicate Mycogone from his casing soil by 
taking advantage of the low thermal death point of this fungus. The ex¬ 
periments outlined above indicate that usually high enough tcmjwratures 
are generated in mushroom houses while the manure is going through its 
final heat. Of course, further work must be done before we can be sure 
that sufficient heat will be generated in all cases and that there are not 
heat-resistant strains of M. perniciosa in the soil. Perhaps it will be 
necessary to use artificial heat. 

SUMMARY 

✓ 

1. Experiments were made to determine the effect of temperature on 
the growth of Mycogone perniciosa and on infection of mushrooms by this 
pathogene, the thermal death curve of the organism, and the possibility 
of controlling the bubbles disease by subjecting the casing soil to heat 
generated by fermenting manure. 

2. The cardinal temperatures for the growth of the organism on 
Thaxter’s agar are 8° C., 24° C., and 32° C. The most vigorous growth 
was made between 21° C. and 28° C., which is higher than the range of 
temperature in which mushrooms are usually grown under cultivation. 

3. In experiments in which the relation of temperature to infection was 
tested there was 100 per cent infection in the cultures held at 21° C. and 
15° C., but only an occasional diseased specimen appeared at 10° C. 

4. In agar cultures M. perniciosa was killed by exposure to tempera¬ 
tures of 42° C. (106 s F.) or higher for 6 hours or more. 

5. The bubbles disease did not develop in mushroom cultures cased with 
artificially-infested damp soil whieh had been subjected to temperatures 
of 45 s C. and 52° C. for 12 hours and 24 hours; there were 100 per cent 
infection in the check cultures and an occasional infection in cultures ex¬ 
posed for only 6 hours. 
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6. The disease was controlled also by subjecting artificially infested 
and naturally infested casing soil to heat generated by the normal fer¬ 
mentation of manure in a commercial mushroom house. 
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PATHOGENICITY OP PE8TAL0T1A SPP. ON RHODODENDRON 1 

Bichard P. White 


Pestalotia macrotricha Kleb. and Pestalotia rhododendri Guba are 
common organisms on Rhododendron. They follow sun scald on leaves 
and young stems (Fig. 1, A. Bl), where they cause dark brown, zonate 
spots, later becoming silvery and covered on the upper surface with 
acervuli. These symptoms also are found on leaves following injuries 
produced by the Rhododendron lace bug, titephanitis rhododendri Horv., 
and other types of mechanical and insect injuries (Fig. 1, B2). 

It has been shown by Guba (3) that these organisms have been er¬ 
roneously referred to as Pestalotia guepini Desm. Van den Broek and 
Schenk (6, p. 327) picture this trouble on Rhododendron leaves and twigs 
and state that young plants may be killed to the ground by it. Clinton (1) 
also illustrates Pestalotia on Rhododendron leaves on plants imported from 
France and Holland, and Schmitz (4) discusses the disease as found on 
cultivated Rhododendron in this country. The photograph in the latter 
paper is not of such nature that the disease can be recognized. It is sig¬ 
nificant, however, in discussing the pathogenicity of the organism, that the 
author considers it secondary in nature to the attacks by aphids on young 
leaves early in the season. 

Schmitz further states that “the usual methods of artificial inoculation 
were employed and positive evidence was obtained, showing that this 
species of Pestalozzia is parasitic in nature.'* His method of inoculation 
was to seal a glass ring on the upper surface of a leaf with paraffin and 
beeswax. Spore suspensions were then placed in the cell and a cover 
glass sealed over the top. This procedure is quite likely to cause injury 
to the leaf tissue, a significant fact in the light of the experiments reported 
below. 

Tengwall (5), in 1924, reported some inoculations w'ith Pestalotia from 
Rhododendron. He states: “Infection on living Rhododendron leaves 
gave positive results. ” Tengwall did not state his methods, but Miss 
Doyer (2) describes Tengwall’s procedure as follows: Branches were cut 
off and placed in water. The leaves were then burnt in various places 
and on these dead areas spores were placed. The abscissed branches were 
then placed under a bell jar. The fungus sporulated on these injured 
areas and the area was increased through its action. 

1 Journal Series paper of the New Jersey Agricultural Experiment Station, Depart¬ 
ment of Plant Pathology. 
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Doyer (2) carried on rather extensive inoculation experiments with 
Pestalotia from Rhododendrons. Infection experiments without previous 
injury were always negative. Attempts made to inoculate the leaves of 
the variety Pink Pearl (R. Oriffithianum) Wight, and B. ponticum L. 
through needle pricks gave negative results. Parts of leaves were burnt 
with a hot knife and inoculated. The organism grew in the dead areas 
and sporulated thereon. It also grew and sporulated on leaf tips killed 
with steam. No mention is made of any extension of the dead areas re¬ 
sulting from these inoculations. She concludes that Pestalotia is not para¬ 
sitic on Rtadodendrons. 

During the course of a study of Rhododendron diseases, Pestalotia 
macrotricha and P. rhododendri have been repeately isolated from leaves 
of Rhododendron ponticum and R. catawbiense Hoffmgg. hybrids injured 
by sun scald. P. macrotricha has also been isolated from roots, stems, 
and petioles of plants previously invaded by other organisms. Observa¬ 
tions and isolations indicated that Pestalotia spp. on Rhododendron were 
secondary organisms, invading tissue previously injured by mechanical or 
biological factors. The inoculations reported here on R. ponticum, R. cali- 
fomicum Hook., and R. catawbiense hybrids, made under a wide variety of 
conditions, were conducted in order to prove or disprove the pathogenic 
nature of these organisms. 

Root inoculations. Inoculations on the fibrous roots have been re¬ 
peatedly made both with and wjthout injury, using spore suspensions and 
mycelium as inoculum. In no case has any infection taken place either on 
R. ponticum, or R. catawbiense hybrids grafted on R. ponticum, or on hy¬ 
brid seedlings, with either of the organisms under discussion here. 

Stem inoculations. Inoculations with Pestalotia macrotricha at the base 
of stems, near or below the soil level, have always given negative results. 
The majority of the inoculations in the stem have been made either on the 
young new growth near the top of the plant or at the growing point. This 
growth is soft and succulent compared to the woody growth of the previous 
year. Inoculations at this point, without injury, have always resulted in 
failure, even when a large quantity of actively growing mycelium was placed 
directly on the growing point of the plant kept under a bell jar. With in¬ 
jury, positive results have been obtained using mycelium as inoculum and 
inserting it directly into the wound. Using spores as inoculum, the results 
have been mostly negative, although some infection has resulted. Figure 1, 
C, D, shows a canker produced on fhe growing tip of a Rhododendron 
hybrid seedling inoculated with mycelium of Pestalotia macrotricha. 

An attempt .was made to cause infection by inserting spores and 
mycelium from an actively growing culture of Pestalotia macrotricha in the 
cleft made at the tinje of grafting. Thirty plants were inoculated at the 



Fig. 1. A. Stem of Bhododendron catawbtense hybrid showing Pestalotta macro - 
tricha sporulating on sun scalded areas. B. 1 . Pestalotta macrotrxcha on son scalded tip 
of Bhododendron catawbtense hybrid. B. 2. Natural infection of Bhododendron rata ir- 
btense hybrid through crack in leaf tissue. C. Lesion produced by inoculation with 
mycelium of P. macrotrxcha in new growth of Bhododendron catawbtense. D. Same as G. 
Twelve days after inoculation. E. Pestalotta macrotrxcha on B. pontxcnm. Inoculation 
by spores through needle pricks on under surface of leaf. Thirteen days after inocu¬ 
lation. 
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time of grafting by placing spores on the wound made on the R. ponticum 
stock just before the scion of R. catawbiense var. album was put in place. 
Thirty plants were held as controls. Callousing was perfect on all the 
plants and no infection was evident in any of them. 

This experiment was repeated, using the same numbers and varieties of 
under-stock and scion wood, but substituting mycelium for spores. The re¬ 
sults were the same. It was again repeated with a similar number of plants, 
using variety President Lincoln (R. catawbiense) as scion material, with 
identical results. The experiment was repeated with Pestalotia rhodo - 
denari, with negative results. 

Inoculations in the petioles have been confined solely to petioles of 
mature leaves of the variety President Lincoln and to the use of spores, both 
with and without wounding. Inoculated plants were placed under bell jars. 
All attempts to cause infection at this point have failed. 

Leaf inoculations. A variety of methods of inoculation of leaves has 
been used. The early experiments on leaves were conducted on mature 
leaves, using spores only as inoculum. The spores were placed in a drop of 
water on the upper leaf surface and the entire plant placed under a bell jar. 
Negative results were obtai^ied by this method whether with or without prior 
injury. 

Infection was also attempted on abscissed leaves placed in moist cham¬ 
bers. Leaves of R. ponticum and R. catawbiense \ar. roseum elegans and 
var. album elegans were first Washed with mercuric chloride 1-1000 and then 
thoroughly rinsed in sterile distilled water under aseptic conditions. On 
the upper surface of these leaves, spores of P. macrotriclui were placed in 
drops of water. The chambers were kept at 25° C. No cases of infection 
resulted, while the leaves were turgid. After ten days the leaf tissue broke 
down, the leaves turned black and they were invaded by the organism, 
which sporulated profusely. 

It was found that the stomata of the species of Rhododendron used in 
these experiments occur only on the under surface of the leaves, varying in 
number from 129 to 164 per sq. mm. Accordingly, experiments were under¬ 
taken to determine whether infection could take place on the lower surface 
of young leaver through the stomata. Spores of P. macrotricha were 
smeared over the lower surface of several leaves of R. ponticum and R. cali - 
fornicum. The plants were sprayed with atomized water and placed under 
a bell jar. Negative results were invariably obtained, although the spores 
germinated and produced a fine weft of mycelium over the surface of the 
leaves. With injury in the form of slight leaf abrasions, infection took 
place, appearing after eight days on the upper surface of the leaf as a brown 
zonate spot 
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Fig. 2. A. Two leaves inoculated with P. macrotrxcha on burnt areas. Check leaf 
on right. Ten days after inoculation on B. ponttcum. B-C. Same as A. Twenty days 
after inoculation. D. Leaves cut with Bterile scalpel. Ten dayB after injury. B. Same 
as D, but inoculated with Bpores of P. macrotncha. 
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A further attempt was next made to inoculate young leaves of R . pon- 
ticum on the upper surface through cuts made with a sterile scalpel. Three 
young leaves on each of three one-year-old plants were cut on the upper sur¬ 
face with a sterile needle, one leaf cut near the base, one near the middle, 
and one near the tip. Spores of P. macrotricha were immediately smeared 
over the cuts and the plants atomized and placed under a bell jar. Three 
leaves of a fourth plant were cut in a similar manner but were not inocu¬ 
lated. Two days after inoculation, evidence of infection was manifest in 
the death of the tissue between the cuts on the youngest of the inoculated 
leaves. Six days after inoculation positive infection was evident on all the 
inflated leaves. Brown, circular, zonate spots, typical of natural infec¬ 
tions, appeared on these leaves. The check leaves showed no evidence of 
infection. Ten days after inoculation sporulation was abundant on the 
more advanced lesions (Fig. 2, D, E). Reisolations were successful. 

Further experiments were made by placing a drop of water on the upper 
surface of R. ponticum leaves into which a hot scalpel was placed. The re¬ 
sulting steam killed the tissue, with the result that the latter assumed a 
watersoaked appearance, followed by subsequent drying and browning. 
Three leaves, each, of 3 one-year-old plants were thus treated. Two of the 
leaves on each plant were smeared with spores of P. macrotricha, the third 
leaf serving as a control. 

Six days after inoculation, the burnt areas had enlarged and the advanc¬ 
ing margin showed the characteristic concentric markings. Ten days after 
inoculation, sporulation had taken place in the center of the inoculated areas, 
and 20 days after inoculation the spots had so increased in size as to involve 
the larger part of the leaf. The check burns remained sterile and of the 
same size as when produced (Fig. 2, A, B, C). Reisolations were successful. 

A final method of securing infection was as follows: With a sterile needle 
100 minute punctures were made on the under surface of three R . ponticum 
leaves. Twenty-five similar punctures were made on a fourth leaf to act as 
controls. Spores of P. macrotricha were smeared over the area injured in 
this way. The plants were sprayed with atomized water and placed under 
a bell jar. The punctures were barely visible to the naked eye and were not 
evident on the upper surface of the leaf. 

Three days after inoculation, infection was evident on two of the inocu¬ 
lated leaves* The area punctured was browned and invasion of the leaf tis¬ 
sue had extender beyond the area of injury. Thirteen days after inocula¬ 
tion, infection was positive on all three inoculated leaves and sporulation 
was abundant on the upper surface (Fig. 1, E). The punctures oiuthe 
check leaf shewed on the under surface as minute brown spots and were not 
visible on the upper surface. Reisolations were successful. 
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SUMMARY 

Pestalotia macrotricha and P . rhododendri are weak parasites on Rhodo¬ 
dendron spp. In the experiments reported here they did not cause infection 
on roots or on old steins. P. macrotricha, however, caused infection on the 
new growth of previously injured stems; but, even then, infections were 
variable when spores only were used as inoculum. 

On leaves, infection did not take place through the uninjured tissue or 
through the stomata. Positive infection obtained only through abrasions, 
scalded areas, and pin pricks. Once established in these injured areas, the 
organism invaded otherwise healthy tissue. 

Various types of injury to Rhododendron leaves form excellent infection 
courts for these organisms. The most common of these are winter injury, 
sun scald, and injuries produced by thrips, lace bugs, leaf-chewing insects, 
and mechanical agents. 
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FACTORS INFLUENCING THE MINIMUM INCUBATION PERIODS 
OF CURLY TOP IN THE BEET LEAF HOPPER 

Olive Swezyi 


Considerable work has been carried on within recent years on the incuba¬ 
tion period which must elapse after infection before the beet leaf hopper, 
Eutettix teneUus (Baker), is able to transmit curly top to healthy sugar 
beets. The problem presented by disease carriers is a complicated one that 
is intimately bound up, on the one hand, with the interreactions between the 
insect and the disease-producing organism and, on the other, with this 
organism and the host manifesting the disease. When this host is a plant 
which, to a much greater extent than is true of animals, is at the mercy of 
its environment, factors are introduced having little or no force in problems 
of animal pathology. Among such factors an important place is held by 
those which influence the length of the incubation period, both in the insect 
and in the plant. 

Experimental work has shown that the effective incubation period varies 
within quite wide limits, from the so-called normal incubation period, or 
the period when at least 50 per cent of infection should be obtained, down 
to a single infection in as short a time as one hour. It has been found also 
that under normal conditions a seasonal variation occurs. A number of 
factors, among which may be mentioned temperature (Severin 2 ), have a 
very direct bearing on the normal incubation periods but, when the min¬ 
imum incubation periods are considered, it is evident that the same factors 
do not account for the percentages of infection obtained. 

It has been found 3 that under normal conditions “leaf hoppers with an 
incubation period of one, two and three days transmitted curly leaf to 66.6, 
85.2 and 88.8 per cent of the best seedlings” used. This is what we have 
called the normal incubation period. 

In the same report it was shown that with incubation periods of one to 
four hours no disease was produced in 141 beets, while in 126 beets with 
incubation periods of four to ten hours 15 diseased beets appeared. 

In later unpublished current experiments carried on by Severin slightly 
different results have been secured. Here an attempt was made to test 
periods as short as one-half hour, one hour, one-and-one-half hours and then 

1 Bureau of Entomology, United States Department of Agriculture, Berkeley, Calif. 

2 Severin, H. H. P. Minimum incubation periods of causative agent of curly leaf 
in beet leafliopper and sugar beet. Phytopath. 11: 424-429. 

8 Hunt, T. F. Report of Director. Calif. Col. Agr. Exp. Sta. Rept. 1922-1923: 
120-132. 1923. 
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Fig. 1. Photomicrograph of oesophageal valve between the oesophagus and mid- 
intestine. 
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I’M. 2. Photomicrograph of an oesophageal valve between the oesophagus and mid- 
intestine 
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every hour up to four. In these experiments one case of infection was pro¬ 
duced with an incubation period of one half hour and one of one hour. 

These short incubation periods, occurring as they do in an insect with a 
well-developed oesophageal valve (Figs. 1, 2) which should prevent regurgi¬ 
tation under normal conditions, present a problem not to be explained by 
the factors governing the normal incubation periods. A number of experi¬ 
ments have been made to test the evidence for mechanical transmission by 
the insect. With the 44 beet seedlings used no disease was produced. A 
study of the intestinal tract of the insect, however, indicates the possibility 
that this may occur under certain abnormal conditions. 

Among the many insects examined for the oesophageal value a single 
individual was found in which large masses of bacteria were present in the 
oesophagus anterior to the valve (Fig. 3). These were in two large masses 
lying in the lumen of the canal. Similar masses of bacteria were to be 
found in the midintestine, evidently colonies that had been some time in 
process of formation. The sources of these masses in the oesophagus could 
not be determined as the valve gave no evidence of being clogged, as would 
be necessary to allow their egress from the midintenstine. Masses of bac¬ 
teria of this type have not been found in the sugar beet. Also a comparison 
of the size of the masses and that of the pumping pharynx would suggest 
the improbability of these being intact food clumps. A few bacteria may 
sometimes be found in the lumen of the oesophagus. The growth of these 
bacteria into a colony of the size of these masses in this position could be 
due only to a distinctly abnormal or even pathological condition of this 
part of the intestinal tract. Under such conditions it might be possible for 
infected beet juice to be ejected from the oesophagus a short time after 
being taken in, as its free passage into the midintestine might be hindered. 
If, as seems very probable, this is the case, this condition would explain the 
occurrence of infection in one-half hour or one hour. It is evidently a very 
rare occurrence, as a single instance was found among about 250 insects 
examined. 

The food path over which infective juice from the sugar beet must pass 
before it reaches the salivary glands of the insect from which the infective 
organism can be injected into a new plant is one that requires some time 
to traverse. The food must pass down the oesophagus into the midintestine, 
where absorption takes place. *After being taken up by the blood it is 
carried to the salivary glands fma which infective material is injected with 
the saliva into the plant upon which the insect feeds. The length of time 
necessary for the food to reach the salivary glands probably has a wery 
direct relation to the minimum incubation period at which curly top may 
be transmitted to a healthy sugar beet. To determine this, the following 
experiments weijfe made. 
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Fig. 3 Photomicrograph of oesophageal valve with masses of bacteria lodged in 
the oesophagus anterior to it. 
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Beet leaf hoppers were fasted for about twenty-four hours and at the 
end of that time a small dish containing the prepared food was placed in 
their cage. This method of feeding these insects and infecting the plants 
is the same as that described by Severin and Swezy. 4 The dish was filled 
with a 5-per-cent solution of beet sugar or sucrose in physiological-salt 
solution to which had been added enough stain in a 1-per-cent solution to 
produce/ a deep color. The stains used were eosin, methylene blue, and 
trypan blue. The last was a total failure, as it was completely oxidized as 
soon as it had been taken in by the insect. Of the other two, methylene 
blue proved the most satisfactory. This stains small granules scattered 
around the cell midway between the center and the periphery. The stains 
were prepared by dissolving the powder in a 5-per-cent sugar solution. 

The first experiments were carried on under ordinary room tempera¬ 
tures in November and December and it was found that less than 25 per 
cent of the insects had fed, though some remained in the cage from three 
to five hours. Placing the cage under a 100-watt electric light raised this 
percentage somewhat, but still not enough for satisfactory work. To secure 
better results, the cages were placed in a box heated by two 100-watt electric 
lights to 100° to 115° F. Even with this, however, not more than 50 per 
cent of the insects would feed, those used at this time of year being the 
hibernating forms. The insects w^ere taken from the cage at varying inter¬ 
vals and dissected under a binocular, taking out the intestinal canal and 
the salivary glands intact. ’These were placed on a clean slide in a drop of 
physiological-salt solution and examined under the microscope. 

At room temperature it was found that within three hours insects which 
had fed on the prepared food showed the stain in the epithelial cells of the 
midintestine and the narrow portion of the malpighian tubules near the 
opening into the alimentary canal. In those that had been placed under 
a strong light the stain had been carried through the body cavity within 
three hours, the muscles of the wings showing a fairly heavy stain. At the 
end of five hours granules stained with methylene blue could be found in 
the salivary glands. 

In these experiments no attempt was made to get the exact time of feed¬ 
ing, as the food was not removed from the cage until all the insects had been 
examined; hence the times given may in reality be somewhat less than 
stated, as all the insects did not begin to feed when the dish containing the 
BugSr solution was first placed in the cage. 

Since the feeding activities of these insects are largely conditioned by 
the temperature of their environment, and since not only the greater per¬ 
centage of infection but the minimum time of incubation are found under 

4 Severin, H. JI. P., and 0. Swezy. Filtration experiments on curly top of sugar 
beets. Phytopath. 18: 681-691. 1928. 
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high temperature, it was expected that the time of food absorption would 
be greatly lessened by high temperature. The first insects from the heated 
cages were examined at the end of thirty minutes, when the cells of the mid¬ 
intestine showed the characteristic stain. The first appearance of the stain 
in the salivary glands was seen at the end of one hour and fifty minutes. 

In these experiments, like the first ones made, the insects were allowed 
to feed continuously until the last ones were taken out for examination. 
In later groups a number were taken from the cage and examined ten 
minutes later after having been fed the sugar solution. Examined at the 
end of fifteen minutes subsequent to such feeding, it was found that the 
stain had already penetrated the epithelial cells of the anterior enlarged 
portion of the midintestine, the staining reaction being the characteristic 
one found throughout these experiments. At the end of one hour stained 
granules could be detected in the salivary glands. No attempt was made 
to determine how long, after feeding, the stain could be detected in the 
ejected saliva. Any foreign organism or particles of stain would not neces¬ 
sarily have to remain in the glands the same length of time required for 
elaboration of the saliva from the materials absorbed from the blood. 

In conducting these experiments, use was made of a 5-per-cent sugar 
solution, since, in previous work, this had been found the most satisfactory 
medium for feeding the beet leaf hopper under artificial conditions. No 
direct comparison can be made, of course, between this solution and the 
unchanged juice of the leaves of the beet upon which the insects had been 
fed in the experiments to determine the length of the incubation period, as 
no analysis of the juice of the young beet leaves has been made. With the 
percentages of sugar, sodium chloride, and methylene blue, it seems unlikely 
that the contents of the two food materials would be such as to change mate¬ 
rially the rate of absorption when taken into the midintestine. If this is 
the case, then these periods represent approximately the time required 
under normal conditions for the absorption of food and its distribution 
through the body. 

The question of whether we are justified in comparing methylene blue in 
a sugar solution with the infective organism in the beet juice is an open one. 
The rate of absorption would depend largely on the size of the organism 
unless it was able to effect entrance into the cell by its own exertions. 
Otherwise, it, like the stain, would be carried passively along by the move¬ 
ments of the surrounding liquids. The fact that ingested material may 
reach the salivary glands within the short interval of one hour has, how¬ 
ever, direct bearing on the minimum incubation period of the curly-top 
organism in the insect. 
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If the organism causing curly top is passed unchanged through the body 
of the insect, it should be able in a large percentage of cases to transmit the 
disease at high temperatures one hour after feeding. This, however, is not 
the case, as infection at one hour is very rare. An interval of about twenty, 
four hours is required before at least a 50-per-cent infection is obtained, 
and not until the interval has lengthened to three or four days is the 
maximum infection secured. The time necessary for multiplication of the 
organism would not account for this, multiplication being necessary only 
to maintain a continuous infective condition in the insect. Neither can it 
be said that the small amount of infective material reaching the salivary 
glands in the first hour would preclude transmission of the disease. A 
single long-time-infected leaf hopper invariably gives positive results in a 
very large percentage of cases, while large numbers of insects, 25 to 400 
or more to each plant, infected less than two hours, give negative results 
wfth rare exceptions, though it is evident that the amount of material in¬ 
jected into the plant is many times that produced by the single insect. 

Ain alternative explanation is found in the fact that a change in the life 
cycle of the infective organism occurs in the body of the insect and this 
must be completed before the insect is capable of readily transmitting the 
disease to a healthy plant. This explanation is not incompatible with the 
finding of an occasional transmission of curly top within such very short 
intervals as one or two hours. It is possible for the infective organism to 
reach the salivary glands so promptly that it remains unchanged and is, 
therefore, ready to infect a new plant when ejected with the saliva. That 
this is not an habitual thing, however, is indicated by the small percentage 
of infection obtaining at intervals of only a few hours. 

It seems probable that these two methods of internal mechanical trans¬ 
mission of curly top may account for the occurrence of this disease at its 
minimum incubation periods. One of these methods is due to an abnormal 
condition of the intestinal tract which hinders the free passage of food, 
and the other to the passage of the infective organism unchanged through 
the body of the insect. This, of course, does not preclude the possibility 
that other methods of mechanical transmission may occasionally be effective 
in the transmission of curly top at short intervals. 



A SIMPLE METHOD OF INOCULATING THE APPLE 
O. A. Huber 


During the past two years the writer has had occasion to inoculate many 
apples with organisms which have been isolated from the surface of normal 
apples to test their pathogenicity. 

Granger and Horne 1 used a method of inoculation in which a cylindrical 
plug was removed from the apple by a cork borer. After inoculation the 
same plug was replaced in the cavity and sealed over with melted paraffin. 
The inoculated apple was treated with absolute alcohol and wrapped in 
sterile * 1 greaseproof 99 paper. 

Brooks and Cooley 2 made inoculations by forcing the spores and my¬ 
celium down into the apple by means of a platinum wire. 

Previous investigations, carried out in the Plant Pathology Laboratory 
at the State Experiment Station, Pullman, Washington, have shown that a 
very high percentage of decay found in storage apples is caused by infec¬ 
tion taking place through mechanical injuries. In order to make inocula¬ 
tions with pure cultures of known organisms, free from contamination, and 
yet as nearly as possible similar to natural injuries caused by stems, twigs, 
etc., the writer used the following method, which has proved more satis¬ 
factory than any other tried. 

The apples are first scrubbed with a brush in running water to remove the 
foreign matter from the surface. Each apple is then immersed in Hg Cl 2 1- 
1000 for several minutes and thoroughly wiped with cotton previously soaked 
in the same solution and then wrung out. Punctures are made, usually 
three in each apple, 0.3 cm. in diameter and 0.8 cm. deep. These are made 
with a steel rod (Fig. 1) 0.3 cm. in diameter and provided with a collar 
0.8 cm. from the end of the rod, which prevents it from sinking too deeply 
into the flesh of the apple. The rod is dipped into 95 per cent alcohol, then 
drawn through the flame of a Bunsen burner, and immediately held close 
to the surface of the apple, so that the flame will melt the epidermal wax 
around the place of puncture. If the burning alcohol is allowed to drop 
from the rod to the apple, a scald will develop around the puncture. When 
the alcohol is all burned and the wax is cooled, the rod is plunged into the 
apple. The inoculum is placed in the punctures and the apple is wrapped 
in sterile oiled wraps, w’hich retard drying out of the punctures and pre¬ 
vent contamination from air and adjoining objects. 

i Granger, K., and A. 8. Horne. A method of inoculating the apple. Ann. Bot. 38: 
218-218. 1924. 

* Brooke, C., and J. 8. Cooley. Temperature relations of apple rot fungi. Jour. 
Agr. Be*. 8: 139-164. 1917. 
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Fig. 1. Schematic drawing of steel rod used in making artificial inoculation 
punctures. 


Tn order to determine the effectiveness of the melting of the wax pre¬ 
vious to the puncturing of the epidermis of the apple, a series of puncture 
tests were made on apples in which the inoculating rod described above 
w r as used. 

The apples to be punctured were first sprayed, by means of an atomizer, 
with a w*ater suspension of spores of Penicillium expansum Link. The 
suspension was allowed to dry on the surface of the apples before punc¬ 
turing them. 

Fifty punctures were made without previously sterilizing the surface 
of the apples or melting the wax at the place of puncture; fifty punctures 
were made without previously sterilizing the surface of the apples, but first 
melting the wax at the place of puncture; fifty punctures were made after 
sterilizing the surface of the apples for two minutes in mercuric chloride 
1-1000 and melting the wax at the place of puncture. 

The data obtained in these tests are recorded in the accompanying table. 


TABLE 1.— Results obtained by melting the wax before punrturtng the apples for 

inoculation 


Treatment 

No. punc¬ 
tures 

No. decayed 

Percentage 

decay 

Apples not sterilized; wax not melted 

50 

50 

100 

Apples not sterilized; wax melted 

50 

0 

0 

Apples sterilized; wax melted 

50 

0 

0 


The results of the tests show that the melting of the wax around the 
place of puncture gives heat sufficient to kill the spores which may be 
located on the surface or inbedded within the wax. Even though the spores 
are all killed around the place of puncture, it is practical to wash the ap¬ 
ples in Bg d 2 1-1000 before puncturing in order to destroy the spores on 
the surface which may be wiped into the punctures after inoculation. 

Department of Plant Pathology, 

State ColLRoe of Washington, 

Pullman, Washington, 






TRANSMISSION OF CUCUMBER MOSAIC TO SPINACH 1 
Ism£ A. Hoggan 

Of the virus diseases of the mosaic group, cucumber mosaic is regarded 
as having a relatively wide host range among dicotyledonous families. Not 
only does it affect numerous genera and species of the Cucurbitaceae and 
Solanaceae, but also individual species belonging to other, more or less un¬ 
related families are known to be susceptible. It is probable that the recog¬ 
nized host range of this disease will become much extended in the future. 

It has recently been shown 2 that cucumber mosaic is readily transmis¬ 
sible by the peach aphid (Myzus pcrsicac Sulz.) between various members 
of the Solanaceae. More recently, it has been found by the writer that the 
potato aphid (Macrosiphum solanifolii Ashm.) also readily transmits this 
disease between tobacco and certain other solanaceous plant species. Fur¬ 
thermore, it has been found that cucumber mosaic is readily transmissible 
by these two species of aphids to spinach (Spinacia olrrucea L.), from which 
host the virus is again recoverable by the same agency. The transmission of 
this disease to spinach is. in itself, not surprising in view of its recognized 
wide host range. The chief interest lies in the fact that the resulting 
symptoms produced on spinach bear a remarkable resemblance to those of 
“spinach-blight,” judging from the descriptions of the latter disease as 
given by McClintock and Smith 3 and others. Characteristic symptoms of 
cucumber mosaic on spinach, as observed on young plants under greenhouse 
conditions, include a progressive yellowing and necrosis of the foliage, 
marked stunting of the plant, malformation and mottling of the young 
leaves, and ultimate death of the entire plant (Fig. 1). This apparent 
similarity of symptoms, together with the identity of the insect vectors in 
the two cases, is suggestive of a ]>ossible relationship between the two dis¬ 
eases. Unfortunately, the writer is not acquainted with spinach blight as 
it occurs in the field, nor has any material affected with the disease been 
secured. Consequently, it has not been possible to reach any definite con¬ 
clusion as to the suggested identity of the two viruses in question. 

i Cooperative investigation conducted by the Wisconsin Agricultural Experiment 
Station and the Office of Tobacco and Plant Nutrition, Bureau of Plant Industry, TJ. S. 
Department of Agriculture. 

2 Hoggan, I. A. The peach aphid (Myzus prrsicat Sulz.) as an agent in virus trans¬ 
mission. Phytopath. 19: 109-123. 1929. 

8 McClintock, J. A., and L. B. Smith. True nature of spinach-blight and relation 
of insects to its transmission. Jour. Agr. Res. 14: 1-60. 1918. 
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FiO. 1. A, Cucumber mosaic on spinach (variety Victoria), transmitted by Sfysu* penicae. 

B, Healthy, mosaic free plant. 
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Since the recognition of spinach blight as a disease of the insect-borne 
virus type, it has been of special interest on account of the claim made by 
McClintock and Smith that the virus can be transmitted directly by in¬ 
fective parent aphids to their progeny up to the fourth generation. If the 
virus of spinach blight should prove to be identical with that of cucumber 
mosaic, our understanding of this puzzling aspect of the virus problem 
would be greatly increased and simplified. However this may be, cucumber 
mosaic on spinach is a disease of such striking symptoms that its occurrence 
is believed worthy of recording. Further studies on the disease are 
planned, and the principal purpose of this note is to make a request for any 
specimens of plants known or believed to be affected with true spinach 
blight, in order that a more exact comparison of the two diseases may be 
made. 

University of Wisconsin, 

Madison, Wis. 




PHYT0PATH0L0G1CAL NOTES 

Sclerospora macrocarpa in barley. —On June 21, 1929, J. Earl Coke 
gathered specimens of diseased Coast barley near Los Banos, in the San 
Joaquin Valley, California. The disease appeared to be Sclerospora macro - 
carpa Sacc. Specimens were sent to Wm. H. Weston, Jr., Farlow Her¬ 
barium, Cambridge, Mass., who confirmed the identification. The field, con¬ 
sisting of well-drained but rather heavy soil, was sown in the fall and was 
irrigated at least once to produce the barley crop. Rainfall in that part of 
California usually is insufficient to produce good grain crops. As the field 
was inspected after full maturity, casualties among the young seedlings 
could not be determined. Diseased plants were found uniformly and gen¬ 
erally but sparsely distributed throughout the field. The attacked culms 
yielded spikes which produced no grain, but other culms from the same 
plant produced normal spikes and kernels but weak, reduced culms. The 
diseased spikes possessed swollen, distorted, curled awns, and twisted culms 
about 12 inches in length. The whole culm, including nodes and internodes, 
was darkened like those attacked by barley stripe ( Ilelminthosporium 
gramineum (R.) Eriks.). The upper leaves frequently were broken into 
strips or ribbons by the destruction of the tissue between the veins. No 
conidia, but abundant oospores were observed. Further inspection of the 
area will be made during the next crop season. 

In 1921 this disease was found on wheat in Kings County, in the same 
general area.—W. W. M\ckje, University of California, Berkeley, Calif. 

A N( 4 e upon the Conidial Sclerospora of Maize in South Africa. —A 
downy mildew of maize was observed in January, 1924, in a small plot 
cultivated by an Indian near Vemlam, Natal. Half the plot at this time 
was coming into flower and showed about one per cent of diseased plants, 
while the young plants of the other half were about 20 per cent diseased. 
The affected plants exhibited the typical signs of a Sclerospora infection as 
described by Weston, 1 namely, chlorosis and mottling of all leaves but the 
lower ones, a well-marked jagged margin between the chlorotic and normal 
tissue of the lower leaves, upstanding position of the leaves, stunting and 
general weakness of the plants, and, in the older plants, fasciated tassels. 
Usually on visits during the daytime, there was little evidence of spore pro¬ 
duction, but this was readily induced in plants removed to the laboratory 
and kept wet overnight in a saturated atmosphere. Subsequently, similar 
disease signs were observed in plants of a sorghum cultivated alongside the 
affected maize. 

i Weston, W. H., Jr. Philippine downy mildew of maize. Jour. Agr. Res. 19: 97- 
122. 1920. 
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Sclerospora was in evidence in the maize in this plot again in the seasons 
1924-25, 25-26, and 26-27. Meanwhile, its sporadic occurrence was noted 
in many localities in the Natal Coast belt and also in the Waterberg district 
of the Transvaal upon maize, cultivated sorghums, and also the wild 
Sorghum arundinaceum Stapf. 2 Two cases of extensive damage to field 
crops of maize were observed in April, 1925, at Naboomspruit, Transvaal, 
and in February, 1928, at Hluhluwe, Zululand. 

The direct infection of maize seedlings was readily obtained in the green¬ 
house by placing pieces of conidium-bearing maize leaves in proximity to 
the seedlings kept in a saturated atmosphere. In three experiments, 12 
out of 16 plants became diseased. In similar experiments, but using dis¬ 
eased Sorghum arundinaceum as source of infection, positive infections 
were obtained; one out of 8 plants tested in October, 1925, one out of 10 
plants in October, 1926, and 10 out of 12 plants in January, 1927. In all 
experiments, adjacent control plants remained free from disease. 

If the foregoing experiments in transmission from Sorghum arundina¬ 
ceum to maize may be regarded as significant, we may perhaps look to the 
former as an overwintering host of this fungus, since under South African 
conditions this grass is a weak perennial. 

A more detailed account of the fungus herein referred to will be pub¬ 
lished later.—H. H. Storey and A. P. D. McClean, Tanganyika, Africa. 

A bacterium associated with bundle blackening in the balsam, Impatiens 
balsamea .—During the summer of 1924 it was observed that many of the 
balsam plants grown for class use in the botanical greenhouse at the Uni¬ 
versity of Wisconsin had rotted at the surface of the ground. Investiga¬ 
tion showed that not only had the stem decayed at the base but that some 
of the vascular bundles in each plant were blackened to the top of the stem. 
Attempts were made to isolate a possible causal organism by plating from 
bits of diseased tissue. Several organisms were isolated, including two 
species of Fusarium; but one bacterium was rather constantly found asso¬ 
ciated with the black bundles in the stem. The other organisms were found 
at the base. This bacterium was a moderate-size, actively motile rod 
which formed colorless colonies. Growth on nutrient agar was rapid, since 
at room temperature the streak on an agar slant was distinctly visible 
within 12 hours after inoculation and there was good growth after 24 hours. 

Balsam, plants were inoculated by puncturing the base of the stem with 
a needle which had been dipped in a pure culture of this bacterium. Pasi- 

2 Sorghum arundinaceum, Stapf.—a weak tufted perennial under our conditions—de* 
scribed by Stapf a| an annual in the Flora of Tropical Africa, IX, Pt. 1. p. 114; and 
originally.included by him with S. vertieUlifiorum in Andropogon halapensis var. effusus 
(Flora Capensis, VII, p. 346). 
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tive results were secured only when the puncture was made below the sur¬ 
face of the ground. In this case bundle blackening occurred with great 
rapidity, extending to the tops of the plants, a distance of four to six inches, 
within 48 hours. In these small plants the black lines were visible through 
the transluscent stem. Since the punctures were exposed to the soil it was 
realized that it would be necessary to use sterilized soil in order to prove 
definitely that this bacterium was the cause of the disease. This was more 
evident since one of the check plants, which had been punctured below the 
surface of the ground with a sterile needle, developed blackened bundles. 
Time was not available for carrying out the experiment with sterilized soil, 
and, later, the cultures died because they had been left too long without 
transferring. Either the author or Dr. L. R. Jones, University of Wis¬ 
consin, would be pleased to hear from any one who has found a similar 
condition.—T. D. Howe, Table Bock, Nebr. 

A new host of sugar-cane mosaic. —While making inspections of sugar¬ 
cane fields in the vicinity of Lima for the mosaic disease during 1929, 
several instances of mosaic infection of “cana brava” ( Gynerium sagitat- 
tum Beauv.) were observed. To the writer’s knowledge, this grass has not 
been reported previously as a host of mosaic. 

Infection of the wild cane has been observed only when it is growing on 
the borders of sugar-cane fields where mosaic is present. Both large, 
mature plants and young shoots arising from cut-over patches have been 
found affected with mosaic, the former showing both primary and secondary 
infection. The symptoms of the disease on the wild and cultivated hosts 
are identical Although artificial inoculations have not been made to prove 
the identity of the disease on both hosts, field evidence supports it. 

In view of the almost universal occurrence of eana brava on the banks 
of irrigating ditches bordering sugar-cane fields in Peru, the infection of 
this grass by mosaic adds another factor to be considered in controlling the 
disease. However, the amount of mosaic so far observed in the wild cane is 
relatively very small and at present it does not appear to be of great impor¬ 
tance in spreading the disease.—E. V. Abbott, Estacion Experimental Agri- 
cola de la Sociedad Nacional Agraria, Lima , Peru. 

Peteca and red blotch of lemons. 1 —Preliminary studies of peteca and 
red blotch (Adustiosis) of lemon fruit have been made with a view to pro¬ 
ducing the effects artificially. These efforts have yielded a few positive 
results. Close approximations to peteca breakdown have been secured 

1 Fawcett, H. S., and H. A. Lee. Citrus diseases and their control. 582 pp. Mc¬ 
Graw-Hill, New York. 1926. 
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through hypodermic injection of small amounts of orange oil, lemon oil, 
and geraniol into the albedo tissue. Slight peteca-like effects also were 
secured by injecting methyl and ethyl alcohols. This leads one to speculate 
on the possible physiologic origin of the diseases, for the oils occur naturally 
and the geraniol and alcohols are products of anaerobic respiration. Simu¬ 
lations of red blotch have been effected by touching lemons with amyl 
formate, amyl valerate, amyl acetate, amyl propionate, and ethyl acetate, 
all of which esters have been found as products or by-products of anaerobic 
respiration in apples. Red-blotch effects were produced also by exposing 
the fruit to a vapor of ethyl acetate for periods of 30 minutes to 2 hours.— 
L. J. Klotz, Graduate School of Tropical Agriculture and Citrus Experi¬ 
ment Station, Riverside, California. 

Separates or reprints of the late Dr. Erwin F. Smith’s article, “Fifty 
Years of Pathology,” which appeared in the Proceedings of the Interna¬ 
tional Congress of Plant Sciences held at Ithaca, are available at 80 cents 
per copy postpaid. The article consists of 34 pages of printed matter and 
34 plates, paper cover. The plates include reproductions of about 270 
pathologists. The secretary of the Congress took the responsibility of 
ordering 200 reprints of this paper, to be sold at a price reasonably above 
cost, with the understanding that any balance, after paying the cost of 
printing, would be made available for the general expenses of the Congress, 
if needed therefor, or otherwise used in some way which would obviously 
have been approved of by the author. 

B. M. Duggar, Secretary , 
International Congress of Plant Sciences. 



ABSTRACTS OF PAPERS. PRESENTED AT THE TWENTY-FIRST 
ANNUAL MEETING OF THE AMERICAN PHYTOPATHO - 
LOGICAL SOCIETY, DES MOINES AND AMES, IOWA, 
DECEMBER 28 TO JANUARY 31, 1929, INCLUSIVE 

Some properties of furfural in relation to fimgicidcs and herbicides . I. E. Melhus. 

Furfural has a low surface tension, 48 dynes, is unstable, and has a marked affinity 
for living or dead plant tissue. The volatility of 7 per cent furfural in water is about 
four times as much as in kerosene. Furfural emulsified in kerosene reduces the volatility 
of furfural to that of kerosene (31.85 dynes). In dilute solutions (5 per cent), furfural 
reduces the surface tension of water from 77 to 40 dynes and, consequently, increases the 
covering and penetrating powers. Furfural emulsified in kerosene (designated as FK 
10-90), on the other hand, raised the surface tension less than 1 dyne. 

Potato stems soaked for one hour in 7 per cent furfural in water and in kerosene 
gained weight, while those in furfural and FK 10-90 lost. Quack-grass rhizomes soaked 
in furfural and FK 10-90 for five minutes lost weight, 6.38 and 1.01 per cent, respec¬ 
tively. The same was true of short pieces of tomato stems. The lethal action, on green 
tissue, of furfural emulsified in kerosene is increased more than 10 times. Four-and-one- 
half times as much furfural as water is absorbed in dry apple wood, 3.7 times in green 
apple, and 3 times in dry red oak. Dry white cedar posts showed 23.96 per cent gain in 
weight in water, 10.57 in kerosene, 37.68 in furfural, and 13.33 in FK 10-90. 

The waste sulphite liquor of paper mills as an adjunct to spray materials. R. H. Hurt. 

The waste liquor of the sulphite process of paper mills is sold under the trade names 
of Qoulac and Glutrin. Goulac is the powdered form and Glutrin the concentrated liquor. 
These two forms have the same analysis, the only difference being that Glutrin contains 
approximately 50 per cent water. These forms are plentiful and cheap, and have been 
found to be valuable adjuncts to certain spray materials. 

The outstanding feature of these materials is that either form makes an excellent 
emulsifier for home-made oil emulsions. Both forms are very soluble in water and easy 
to handle. The emulsions thus made aro miscible in any proportion with lime-sulphur. 
It costs approximately one dollar to emulsify a barrel of oil with calcium caseinate and 
about fifteen cents with Goulac or Glutrin. 

The powdered form may be substituted for calcium caseinate in the preparation of 
dry-mix. It makes a dry-mix which is just as wettable as one made with calcium case¬ 
inate and has better suspension qualities. The dry or liquid form when used at the rate 
of one pound or one quart, respectively, to 50 gallons of solution practically eliminates 
the chemical reaction between lime-sulphur and lead arsenate. 

The Dutch elm disease. Christine Buisman. 

In 1920 a serious disease attacked the elm tree in Holland. The symptoms are as 
follows: In the first part of June the leaves of the whole tree or of some branches sud¬ 
denly wither and then turn brown, but they do not fall from the tree immediately and 
the top leaves may not fall for several weeks; the twigs curve; and in the wood conspicu- 
ous reddish brown streaks are visible. The tree may die within a year or it may live 
for several years. Most of the trees affected are from 15 to 40 years of age. Conse¬ 
quently the disease is rather rare in nurseries. 

Ill 
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Gradually, the disease spreads through Belgium, France, and Germany; and, since 
1927, it has been reported from England. There are no signB of its decreasing in the 
course of time. 

Miss M. fi. Schwartz, a Butch phytopathologist, isolated without exception from the 
diseased wood a species of Graphium, which she named G. ulmi . Healthy wood never 
yields G. ulmi. She stated that this fungus was the cause of the disease but, as her in¬ 
oculation experiments were not quite convincing, this statement has been doubted for sev¬ 
eral years. Subsequent investigators, however, could cause the disease with all its symp¬ 
toms in healthy trees by inoculation with G. ulmi. It is likely that the spores of this 
fungus are spread principally by wind and enter the wood through small wounds. Means 
of control have not yet been found. The only thing that can be done now is to test the 
resistance of various species and varieties of elms by inoculation experiments and 
to propagate the most promising ones. 

A future outlet for pathological service . R. P. White. 

Plant pathology as related to ornamental plant materials is the most lecent field of 
the science to be seriously considered. The future growth of this field depends upon (1) 
the recognition of the increasing value of ornamentals to the great mass of our popula¬ 
tion and the importance of the industry to many of our States; (2) the ability of plant 
pathologists to gain the confidence of the producers and to dispel their feais concerning 
domestic quarantines; (3) the realization that this field touches 22 million home'owners 
in the United States and is not limited to a small specialized group of producers; (4) 
the ability of department heads to gain the sympathy of the directors of our experiment 
stations toward the field and to receive the financial assistance necessary for research and 
extension activities. 

Outlets for pathological service in the field are enumerated as follow's: (1) positions 
as plant pathologist for ornamentals with many of the experiment stations located in the 
larger producing States; (2) positions with some of the larger nursery concerns who are 
able to support a plant pest expert; (3) positions on city or county park commissions who 
have the responsibility of maintaining the health of the ornamental plant materials used 
on public properties; (4) positions with “public service 0 corporations who sell such 
service to municipalities and private individuals; (5) opportunities as practicing plant 
doctors in many of the suburban areas where a wealth of valuable ornamental plant mate¬ 
rial has been planted, the value of which to the owner is many times the actual intrinsic 
value represented. 

Hybridization of physiologic forms of Puccinia graminis tritici. Margaret Newton, 

Tiiorvaldur Johnson, and A. N. Brown. 

Pustules of monosporidial origin were obtained by inoculating individual barberry 
plants with sporidia produced by telia of a number of single physiologic forms of Puo- 
dnia graminis tritici. The telia of each form had developed under controlled conditions. 

The nectar on the pustules derived from the same physiologic form was intermixed 
(“selling 0 individual forms), as was also the nectar on pustules derived from two dif¬ 
ferent fonns (“crossing 0 two forms). Only on® form appeared strictly homozygous for 
pathogenicity; when selfed, this alq^e was recovered. The other forms appeared 
heterozygous for pathogenicity; when selfed, each gave rise to one or more different 
forms, either previously known or hitherto unknown. From crosses between two foSns, 
there arose fornffe differing Jgggga the parental ones, some previously known, others hith¬ 
erto unknown. 
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From a reciprocal cross between two forms, a third form alone was recovered. 

Barberry plants were inoculated with 8 forms en masse . Monosporidial pustules 
from each of the eight forms may be supposed to have developed. Some of these pus¬ 
tules coalesced and produced aecia. The nectar of the remaining ones was intermixed. 
From these inoculations were recovered several of the original forms and a number of 
other forms, some previously known, others hitherto unknown. 

Hybridization and mutation in Puccinia graminis. E. C. Stakman, M. N. Levine, and 

R. U. Cotter. 

Because of theoretical considerations and circumstantial evidence, it has seemed 
probable that different varieties and physiologic forms of Puccinia graminis might 
hybridize on barberries and that individual forms, even if selfed, might segregate if 
heterozygous. Craigie's discoveries furnished the necessary technique for experiments 
that have confirmed these probabilities. For example, from crosses between P. graminis 
agrostis and P. graminis tritici form 36, which apparently is relatively homozygous, sev¬ 
eral lines were obtained that are different pathogenically from both parents, and there 
is strong evidence that two of them never have been found in nature. Varieties and 
physiologic forms of P. graminis are dikaryotk* clones which remain constant in the ure- 
dinial stage, except for mutation, but they may lose their identity in passing through the 
barberry because of segregation in the pronivcelia of the teliospores or because of the 
initiation of a new dikaryophase in the pycnia or aecia. The suspected role of barberry 
in the production of new forms is thus confirmed, and the facts emphasize the necessity 
of eradicating the bushes. 

There is evidence, also, of mutation in parasitism. In a uredinial culture of P. 
graminis tritici form 1, constant pathogenically for 13 years, there suddenly appeared an 
apparent mutant, different pathogenically from anything the writers ever have observed. 
Extensive inoculations proved its constancy. It seems obvious, therefore, that new 
physiologic forms are arising both by hybridization and mutation. (Cooperative investi¬ 
gations between the Office of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agricultuie, and the Minnesota Agricultural Experiment Station.) 

A new mosaic disease of cucumber . R. H. Porter. 

In March, 1929, a sample of mosaic on cucumbers was secured from a greenhouse at 
Bettendorf, Iowa. Inoculation trials produced 100 per cent infection not only in the 
variety White Spine, but also in selfed lines of the variety Chinese Long. Differentiation 
of this mosaic from the common “ white pickle mosaic ” is based on symptoms, period of 
incubation, and host range. 

The symptoms of the white pickle mosaic on cucumbers are marked stunting, droop¬ 
ing of the terminal leaves, faint to prominent mottling, and fruit infection. Its incuba¬ 
tion period is three to six days. Infection occurs readily on cucumbers, canteloupes, and 
African stock citron, but not on watermelons and the variety Chinese Long cucumber. 
The symptoms of the ft Bettendorf mosaic” on cucumbers are rigidity of the terminal 
leaves with yellow blotches at first distinct, later merging together. No visible symptoms 
appear on the fruit. Its incubation period is 6 to 15 days. This strain gave 100 per 
cent infection on all cucumbers, including the variety Chinese Long. Watermelon and 
stock citron also are readily infected but masking may occur. 

The distribution of the Bettendorf mosaic is not definitely known but, apparently, 
it is much less common than the white pickle mosaic. 
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The resistance of cucumbers to mosaic. R. H. Porter. 

Individual, mass-selected plants, as well as selfed lines of the variety Chinese Long, 
are highly resistant to the ' * white pickle mosaic ’ 1 disease. Three successive inoculations 
into the same plants at 12-day intervals failed to produce symptoms. Repeated efforts 
to transfer the disease from such plants to susceptible plants failed. Occasional plants 
of the variety Chinese Long, which are susceptible, may mask mosaic symptoms, but this 
seldom occurs throughout the life of the plant. Susceptibility to mosaic is dominant, but 
Fj plants of Chinese Long x White Spine are not so severely stunted as the susceptible 
parent. Seeds from a back cross of the F, x White Spine produce plants which possess 
the short pickling type of fruit. Part of these are susceptible and part resistant but no 
genetic ratios have yet been determined. When 29 plants of this back cross were exposed 
to two different inoculations 9 remained resistant. Three attempts to transfer mosaic to 
susceptible plants from these 9 were unsuccessful. 

Kale yellows (Fusarium conglutinans) in California . James B. Kendrick. 

A tall, large-leaf variety of kale known as “Jersey” is grown extensively in the 
Petaluma district, Sonoma County, California, as a green food for chickens. About 80 
per cent of approximately 4,000 chicken ranchers in the district use kale as a green food 
for their chickens. Kale yellows, which has symptoms similar to cabbage yellows, is 
widely distributed in the district and is forcing many ranchers to find a substitute crop 
for “poultry greens.” The disease has not been observed by the writer elsewhere in 
California. 

In 1927 numerous isolations from diseased kale plants yielded pure cultures of a 
Fusarium which subsequent inoculations showed to be the causal agent. Comparative 
cultural and cross-inoculation studies of it and F. conglutinans showed the two to be 
identical. 

Pathogenicity of a number of collections of the cabbage-yellows organism. L. M. Blank. 

A study has been made of the pathogenicity of a number of collections of the 
cabbage-yellows organism, Fusarium conglutinans , upon cabbage and other subspecies of 
Brassica oleracea. Pure line isolations from 11 localities in 8 States were tested, under 
controlled conditions of soil temperature, upon pure lines of resistant and susceptible 
cabbage, and upon F a hybrids from resistant-susceptible crosses. The homozygous resis¬ 
tant lines remained entirely resistant to the attack of the various collections of the organ¬ 
ism while the homozygous susceptible strains were uniformly infected. When tested 
against the F a hybrids isolations of the fungus reacted much alike in that the segregation 
of healthy and diseased plants was very close to the expected 3 to 1 ratio. 

No evidence of selective pathogenicity was found when the collections were tested 
upon other subspecies, namely, Brussels-sprouts, cauliflower, kale, and kohlrabi. Upon 
these hosts, as upon commercial cabbage lines, slight variations in pathogenicity were 
observed but were not characteristic of any one collection of the organism. 

While some variation was noted in their cultural characteristics, the pathogenicity 
range was similar for all the collections bf the organism studied. 

The nature of yellows resistance in cabbage. J. C. Walker. 

Further evidence iB presented to confirm earlier reports that yellows resistant in 
cabbage is inherited as a Mendelian dominant. Physiologic responses of homozygous 
resistant lines of cabbage as compared with mass-selected resistant varieties and suscep¬ 
tible varieties have been studffcd., Homozygous resistant lines remain perfectly resistant 
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at a constant soil temperature as high as 24° C., while Wisconsin Hollander shows rela¬ 
tively little resistance in constant soil temperatures above 20° C. No clean-cut yellows 
symptoms appear in homozygous resistant lines, even at 28° C. or above. High air tem¬ 
peratures increase the rate of disease development in susceptible and mass-selected resis¬ 
tant strains, but fail to break down the resistance of homozygous resistant lines. Severe 
root pruning had no influence upon the expression of resistance in the latter. 

Improved homozygous resistant lines have now been established for three midseason 
varieties, All Head Select, Marion Market, and Globe; and for two early-market varieties, 
Jersey Wakefield and Golden Acre or Early Copenhagen Market. The Jersey Wakefield 
strain will be introduced for general use in the fall of 1930 as Jersey Queen. The Golden 
Acre strain will be introduced as soon as sufficient seed is multiplied. 

Indexing as a control measure for the yellow-dwarf disease of onions. W. J. Henderson. 

The symptoms of yellow dwarf are stunting, crinkling, yellowing, and drooping of 
the leaves. The early appearance of the disease is due to planting infected bulbs. Later 
it spreads to adjoining healthy plants throughout the growing season. In most of the 
plants that become infected eaily the symptoms appear currently, but in others, infected 
late, no signs of yellow dwarf appears until the next growing season. Eighty lots of 
sets (60 in each lot) selected at random at harvest time were obtained from each grower 
at Pleasant Valley, Iowa, in the fall of 1928. These onions were grown in the green¬ 
house four weeks under favorable conditions for expression of the symptoms. The per¬ 
centage of disease occurring in the different tests varies from 0 to 95. Samples of the 
same lots of bulbs were grown in the field in the spring of 1929 and the amount of yel¬ 
low dwarf determined again. The amount of yellow dwarf that developed in the green¬ 
house and field trials compared favorably. 

It is believed that this method of indexing the bulbs in the greenhouse furnishes a 
reliable method of determining, in advance of the normal growing season, the amount of 
infection in the set stocks. 

Late blight tomato rot in California. G. B. Ramsey and Alice A. Bailey. 

Tomato growing sections along the coast of California have suffered severely during 
the past few years from epiphytotics of late blight (Phytophthora) . Total loss of fruit 
in some fields has been sustained. Cars of tomatoes shipped to markets have shown 50 
to 100 per cent decay. Inspection certificates covering 30 cars shipped east in 1927 
showed an average of 40 per cent infection. Lesions occur on vines as well as on fruit. 
Infection takes place at the stem scar, the lesions appearing in about four days as light 
brown water-soaked blotches. Transit experiments show an average radial increase of 
1.5 cm. in lesions in four days. Rate of development decreases with increase in size of 
lesions. Lesions held two days following four days transit showed an average radial in¬ 
crease of .3 cm. during these two days. There is almost no spread in transit. Tomatoes 
harvested from blighted fields, but showing no signs of infection when packed, developed 
as high as 32 per cent infection in eight days, the average, diameter of these lesions being 
4.3 cm. Inoculations in the stem scar and through wounds elsewhere on fruits gave 55 
to 77 per cent infection. Inoculations on uninjured surfaces failed to produce infection. 

The inheritance of disease resistance in the onion. G, H. Rieman. 

Colored-bulb onions ( Allium oepa) which exhibited a high degree of resistance to 
the parasitism of the onion-smudge organism ( Colletotrichum droinans) were crossed 
with susceptible colorless-bulb onions. Two germs responsible for resistance to smudge 
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have now been discovered (1) W, a gene for red color; (2) W Vi a gene for yellow pig¬ 
ment. Two different genes for the expression of white, and therefore susceptibility, have 
been found to be genetically distinct (1) I, a dominant inhibitor of red and yellow col¬ 
ors; (2) w, a gene for white. In the F, and F, generations of crosses between red and 
white varieties, white bulbs have appeared which were intermediate in tests for resistance 
to onion smudge. The interaction of the dominant inhibitor gene I and the gene for red 
W, effects the production of toxic chemical entities producing intermediate resistance. 

Pathogenicity of Fusarium niveum and the resistance of some watermelon hybrids. D. R. 

Porter. 

Seventeen cultures of Fusarium niveum fiom watermelon from widely sepaiated 
localities showed differences on artificial media in rate of growth, degree of sporulation, 
type of pigmentation, rate of starch digestion, morphology, and ability to change the pH. 
Seedling rot and seedling wilt are most severe at a soil temperature of 16°-18° C., and 
25°-28° C., respectively. The rate of seedling wilt was positively correlated with the 
degree of soil infestation. In the field there is a tendency toward positive correlation in 
the rate of wilting and the air temperature. 

Five edible hybrids, the variety Conqueror on foui commercial varieties, Nos. 30, 33, 
43, 90, and 137 have been isolated. In 1928 their resistance was, respectively, 22, 35, 46, 
55, and 59 per cent, while check rows planted to the variety Kleekley Sweet showed only 
one per cent resistance. 

Two edible hybrids, Q21 and Q23, in 1928, apparently chance crosses of unknown 
varieties on the variety Conqueror, were 68 and 64 per cent resistant, respectively, while 
the checks, six commercial varieties growing in adjoining rows, showed no resistance. 

The most promising of the wilt-resistant strains resulted from the isolation of a 
resistant genotype from the susceptible variety Kleekley Sweet. The progeny of this 
genotype was approximately 50 per cent resistant in 1928. 

The resistance of a watermelon genotype to Fusarium ntveum. J. J. Wilson and Duke 

V. Layton. 

Inbreeding and natural segregation led to further isolation of lines having increased 
resistance to wilt in the progeny of K-S4, a genotype isolated in 1927 from the ordinary 
susceptible variety, Kleekley Sweet. The progeny of 22 inbred F a melons showed 8.7 to 
73.3 per cent resistance in the tests in 1929. Two of the F a melons were 8.6 and 8.7 per 
cent resistant, two 16.0 and 16.6 per cent, one 26 per cent, six 31 to 38 per cent, seven 
40 to 46 per cent, two 50 to 57 per cent, one 62 per cent and one 73 per cent resistant. 
One-half of the F 2 melons were over 40 per cent resistant. 

Of the 1,759 initial plants representing the entire progeny of the F 3 melons 54 per 
cent were alive on July 11 and 35 per cent completed the full season’s growth and bore 
a heavy crop of high-quality melons. Only 6 per cent of the 1,731 susceptible check 
plants from the variety Kleekley Sweet were alive on July 11. 

Control of sweet-potato stem rot , Duke .V. Layton. 

In 1928 and 1929 experiments were conducted to determine the value of some mer¬ 
cury seed disinfectants when used to control stem rot of sweet potatoes by seed and slip 
treatment. Three disinfectants were used on eight lots of diseased and healthy seed from 
three varieties. The percentage of healthy plants and acre yield in bushels for the seed 
treatments were,*respectively, as follows: mercuric chloride 67.6 and 129.2, Semesan Bel 
62.9 and 141.5, Corona PD7 58.1 jpd 130.3, compared with 52.7 and 104.8 for the un- 
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treated. Two organic-mercury dip dusts were used on six lots of slips grown, from dis¬ 
eased and healthy seed from two varieties for the control of stem rot. For the two years, 
Corona PD7 showed both an increase in acre yield and percentage of healthy plants, 
while Semesan Bel increased the percentage of healthy plants both years but it decreased 
the acre yield in 1928. The percentage of healthy plants and acre yield in bushels for 
the slip treatments were, respectively, as follows: Corona PD7 83.8 and 166.6, Semesan 
Bel 81.1 and 149.6, compared with 61.7 and 142.6 for the untreated. 

Soil reaction as influencing Phymatotrichim root rot. Walter N. Ezekiel and J. J. 

Taubenhaus. 

Cotton was planted in rows 12 feet long, in boxes of seven different soils, and loot 
rot was introduced by artificial inoculation at one end of each row. The disease spread 
farthest in soils of pH 7.6 and 7.7; spread shorter distances in soils of pH 6.3, 6.7, and 
7.1; but attacked only one inoculated plant in acid soils, pH 5.5 and 5.8. Three other 
inoculation experiments yielded similar results, confirming previous field-survey results 
and showing that root rot is destructive in alkaline soils but unimportant in acid soils. 

Attempts to develop control methods based on acidification of the soil have been 
continued. Excessive amounts of sulphur, added to soil in small containers, acidified the 
soil and reduced infection. Sulphur injury occurred here as in other experiments; how¬ 
ever, there were series in which root rot was inhibited by acidities which did not affect 
tho host. It is impractical to acidify highly calcareous soils, so this method of control 
would be of value only in limited regions, and care would be necessary to pi event injury 
from excess acidity. The method is in the experimental stage and is not to be recom¬ 
mended for general use on the basis of present limited knowledge. 

Overwintering and spread of Phymatotrichum root rot. J. J. Taubenhaus and Walter 

N. Ezekiel. 

Phymatotrichum omnivorum oveiwinters as active mycelium on li\ing roots of in¬ 
fected plants, and as sclerotia and dormant strands. Roots of cotton and weed hosts 
survive after frost and may live until the following fall. Root rot continues spreading 
along roots t £ plants during winter. Living, infected roots transmitted the disease read¬ 
ily to normal plants, while dead roots did not. The fungus developed readily from living 
parts but not from dead parts of infected roots. Primary infections in fields have been 
traced to overwintered, infected roots of cotton and Ipomoea triflda. In certain fields 
from which clean fallow" had eliminated roots, infection was from sclerotia, confirming 
Neal’s observations. 

Excavation of 117 isolated plants showed that spread from these primary infections 
to adjoining plants was along roots and not directly through the soil. In numerous in¬ 
oculation experiments, soil from around infected plants consistently failed to produce 
infection; though high percentages of infection resulted from inoculations with live, in¬ 
fected roots. In the laboratory, the fungus extended through loose soil but more exten¬ 
sively along the walls of the containers. As yet, there is no direct evidence that similar 
spread, independently of roots, occurs in the field. 

Cold resistance and susceptibility in com. J. R. Holbert. 

In some inbred and crossbred strains of corn there is high correlation between cold 
resistance in the spring and in the fall. In other 8trains, such correlation is not very 
significant, due to various influencing factors. 

Cold resistance, in both spring and fall, has been found to increase as productive 
capacity of soil increases and vice versa. However, an inherently cold-sensitive strain 
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will not equal an inherently cold-resistant strain in functional capacity even when grown 
in a highly productive soil. 

Cold resistance, in both spring and fall, was markedly lower in plants growing in 
soil high in moisture for a few days prior to exposure to low temperatures in field refrig¬ 
eration chambers than in plants, comparable in other respects, growing in soil of moderate 
to low moisture content. 

Plants injured by cold in the seedling or juvenile stages were later in flowering and 
in maturity, and possessed weaker root systems, than did control plants not injured by 
cold in the same stages. (Cooperative investigations between the Office of Cereal Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, Punk Bros. 
Seed Company, and Illinois Agricultural Experiment Station.) 

Fungicidal use of organic-mercury compounds containing furan derivatives. J. J. Wilson 

and C. S. Reddy. 

These compounds, when used as dust disinfectants of seed com, effectively controlled 
the seedling blight diseases in three years laboratory and field experiments. Four 
different toxic agents were prepared by varying the amount of furfuramide, mercuric 
chloride, mercuric nitrate, and ammonium hydroxide and sodium hydroxide in the Canniz¬ 
zaro reaction. 

The fungicidal action of different amounts of these toxic agents in talc was tested in 
the laboratory by means of the visible-root sand-culture method, and in the field in thirty- 
hill plots replicated ten times. Nearly disease-free, artificially and naturally Diplodia- 
infected, naturally Basisporium-infected, and naturally Gibberella-infected seed was used. 
The fungicidal action was determined by lesion count and green plant weight in the 
laboratory and percentage of stand and yield in the field experiments. There was a high 
correlation between the laboratory and field results. It was found that these toxic 
agents, one of which is commercially known as Sterocide, exhibited equal fungicidal prop¬ 
erties with the now available commercial compounds being supplied for seed-corn treat¬ 
ment. At low temperatures these new agents were especially effective in controlling 
seedling blight. 

Development of corn ear rot from pure-culture inoculations. B. Koehler. 

Inoculations were made with Diplodia zeae f Basisporium gallarvm, Gibberella 
saubinetii , and Fusarium moniliforme on open-pollinated yellow dent com at the parts 
indicated: (1) on silk without disturbing husks, (2) on tip of ear, husks opened to ex¬ 
pose ear tip, (3) beneath outer husks toward butt end of ear, (4) in shank about two 
inches from ear, (5) in leaf axil subtending shank, and (6) in stalk about one inch below 
ear bearing node. Inoculations were made at 10-day intervals from August 1, time of 
silking, until September 30 when maturation was well advanced. Checks were treated 
with sterile water in the same manner. 

All organisms caused infections through silk and tip of ear, August 10 being the 
period when most infections were obtained at these parts. Only Diplodia or Basisporium 
cause£ infection through the shank or down the husk. Diplodia alone was able to cause 

ear rot whfcn inoculations were made in leaf axil, n or in stalk. 

( * 

Diplodia caused a high percentage of Tot in all cases throughout the period used, 
susceptibility being greatest during August. The other organisms produced only slight 
to moderate increases as compared with the control and only during more restricted 
periods. 
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Control of barley stripe (Eelminthosporinm gramineum). C. S. Reddy and L. C. 

Burnett. 

Yield data in developing seed treatments were obtained by sowing treated and non- 
treated seed of 20 varieties of barley in 1928 and 18 varieties in 1929. The plots were 
planted once in 1928, but, in 1929, 3 dates of planting treated and nontreated seed at 
Ames and 2 dates at Mason City, Iowa, using 2 replications each time made 10 plots each 
of 18 varieties. 

In addition to the data on seed treatment, the occurrence of barley stripe in the 
plots indicated the relative resistance of the varieties. This was particularly true because 
all the seed used in 1929 was harvested from the 1928 plots and, therefore, had somewhat 
similar chances for infection. 

So far, these data show that the variety Minsturdi is the most susceptible and the 
variety Trebi, one of the most resistant. The nine varieties more susceptible to barley 
stripe were benefited by seed treatment with Ceresan and with a dust consisting of 6 
parts sodium bicarbonate, 6 parts sodium bisulphite, 8 parts mercury chloride, and 80 
parts talc. The nine more resistant ones were not benefited. There were indications that 
certain varieties are susceptible to injury from these seed treatments. 

Susceptibility of durum wheats and emmer to Tilletia tritici. C. S. Holton. 

That the recent increase in bunt in durum wheats, formerly considered resistant on 
the basis of field observations and experiments, is due to the presence of hitherto unde¬ 
scribed * 1 physiologic forms” of Tilletia tritici is indicated by the results of artificial 
inoculations made at University Farm, St. Paul, Minnesota, and summarized below. 


Variety 

Source of inoculum and resulting percentage of smutted heads 

Washington 

California 

Manitoba 

! North Dakota 

i 

| Minnesota 

Common 

Kota. 

42 

54 

43 

43 

15 

PrcBton . . . 

7 

12 

16 

2 

1 

Marquis . 

1 

3 

5 

0.1 

0.1 

Marquillo . 

1 

1 

3 

0.1 

0 

Hope. 

0 

0 

0 

0 

0 

Durum 

Mindum . . .. 

3 

5 

3 

51 

3 

Pentad . 

12 

8 

9 

42 

10 

Emmer 






Vernal . 

1 

1 

0 

8 

24 


The first 3 collections are approximately equal in virulence on the varieties inoculated, 
but that from North Dakota is especially virulent on the durums, and that from Minne¬ 
sota on Vernal emmer. These and the other differences apparent from the table indicate 
that there are at last 3 “physiologic forms” in the 5 collections. 

Inheritance of resistance to Erysiphe graminis hordei , p. f. /F. S. M. Dietz and H. C. 
Murphy. 

Susceptibility to physiologic form 4 of barley mildew is dominant and due to a single 
pair of factors. The inoculations of the barley hybrids were under controlled greenhouse 
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conditions. The classification into the resistant or susceptible classes was facilitated by 
a clean cut segregation of the F a and F t . The response of 93 pure lines of barley was 
determined and the following hybrids made: 

Chevalier C. I. 156 (susceptible) x Goldfoil C. I. 928 (resistant). 

Goldfoil C. I. 928 (resistant) x Velvet (susceptible), 

Odessa C. I. 927 (susceptible) x Goldfoil C. I, 928 (resistant). 

Triebsol (susceptible) xGoldfoil C. I. 928 (resistant). 

Twenty-two F 3 plants produced 790 F, plants, 588 of which were susceptible and 202 
resistant—a deviation of 4.5 plants from the expectation. In the F f progeny tests, 49 
susceptible F, plants produced 414 susceptible and no resistant plants. Fifty-two sus¬ 
ceptible F, segregated into 436 susceptible and 152 resistant plants in the F,. Twenty- 
five resistant F, plants were homozygous for resistance as they produced 261 resistant F t 
plants. 


Inheritance of resistance to Pucctnia coronata avenae f p. f. 121. 8 . M. Dietz and H. C. 
Muhphy. 

The response of the F„ F 2 , and F, generations to a single physiologic form of crown 
rust was determined under controlled greenhouse conditions. Kesistance in the follow¬ 
ing crosses was dominant and due to 2 pairs of factors, one of which was on inhibitor of 
resistance: 

Sunrise 23- resistant (SSii) xFulghum 41- susceptible (ssll). 

Sunrise 23- resistant (SSii) xFulghum 47- susceptible (ssii). 

Guyra 51- susceptible (ssii) x Sunrise 23- resistant (SSii). 

Golden 84- susceptible (ssii) xBed Bustproof 11- resistant (SSii). 

AlgerianxCalcutta 89- resistant (SSii) xGolden 84- susceptible (ssii). 

The inhibitor for resistance was expressed only in the cross, Sunrise 23 x Fulghum 41. 
The Fj was susceptible, the F a segregated in the ratio of 3 resistant to 13 susceptible, and 
the F, progeny tests indicated distribution of the F s in the ratio of 7 homozygouB-suEcepti- 
ble, 6 segregating susceptible, 2 segregating-resistant, and 1 homozygous-resistant. In 
the remaining crosses the F, was resistant, the F, segregated in the ratio of 3 resistant to 

1 susceptible, and the F,-progeny tests indicated the F a ratio to bo 1 homozygous-resistant, 

2 heterozygous-resistant and 1 homozygous-susceptible. These results suggest the factorial 
analysis indicated above when S = resistant, s = susceptible, I = inhibitor for resistance. 
(Cooperative investigations between Iowa Agricultural Experiment Station and Office of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. 8. Department of Agriculture.) 


Necrotic effect produced by wilting of susceptible varieties of wheat infected with leaf 
rust . K. D. Doak. 

Seedling wheat plants of Michigan Amber and Little Club susceptible to leaf rust 
(Pucctnia triticina physiologic form 5) that were wilted temporarily for 1 to 2 hours at 
various periods after inoculation, showed immediate checking of the development of 
the rust. This checking was evidenced by total or partial necrosis only in the area oc¬ 
cupied by the rust. Uredinia did not develop when plants were wilted before the time 
for their appearance. The tendency for partial necrosis was greater on plants wilted 
immediately before heading. Nonwilted plants' of two susceptible varieties showed large 
uredinia and only slight chlorosis. Beinfection of leaves previously wilted and containing 
necrotic areas resulted in a development equal to that on reinfected nonwilted plants. 
Excess nitrogen did not alter the tendency for necrosis following wilting. 

Temporary wilting was accomplished by removal and replacement of solution in sand 
cultures, drying and moistening ofJpDil in pots, and by increasing transpiration rate with a 
? 
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blast of dry air. All methods led to the same effect. Increase in temperature within 
the limit of tolerance of wilted and nonwilted plants did not modify the results. 

Differentiation of symptoms and effect of leaf hopper feeding on histology of alfalfa 

leaves . A. A. Granovsky. 

Studies of alfalfa yellow top caused by Empoasca fabae Harris have differentiated 
these symptoms from other types of yellowing produced by such factors as the lack of 
soil moisture, high atmospheric temperature, bacterial wilt, mosaic, sudden excess soil 
moisture following a prolonged drought, and aphid injury. They each produce charac¬ 
teristic symptoms, markedly different from those caused by leaf hoppers. There is no 
striated discoloration of the areas between the lateral veins, which later involves the 
entire surface of the leaves, especially in the upper parts of the plants and in the new 
growth, so typical of leaf-hopper injury. There are also a shortening of intemodes of 
the new growth, prolification, and rosetting of the new shoots in the axis of the leaves. 

In leaf-hoppcr-injured tissue, microchemical tests revealed a greater accumulation of 
starch grains and sugars, especially glucose and fructose. The glucose grains were much 
larger than those in green tissue. 

Histological studies show gradual disorganization and gianulation of the plastids of 
affected tissue, clogging and isolation of vascular bundles by suberized or lignified layers, 
and complete disorganization of the phloem region of severely injured tissue. These 
phenomena are evidently due to enzymic secretions by leaf hoppers in a course of feeding. 

Extracts of flax varieties toxic to fungi. E. 8. Reynolds. 

Unheated, sterile, water extracts made from several varieties of flax show different 
degrees of toxicity toward the growth of Fusartum Uni Bolley in culture. There is some 
evidence of a correlation between the relative toxicity of these extracts and the degree 
of resistance of the flax varieties to the attack of this fungus. Stem, root, and leaf 
extracts likewise diffei quantitatively in their toxic quality when equal quantities of dried 
material are used. Since the number of actively-functioning living cells in the structural 
parts indicated also differs similarly, the different quantitative results obtained by the 
present method of determining toxicity may be correlated with the amount of actively- 
functioning protoplasm. 

Pythium root rot of strawberries in Louisiana . A. G. Plakidas. 

In making root-rot studies on strawberries in Louisiana, among many organisms iso¬ 
lated were several strains of Pythium. In a preliminary experiment, in the summer of 
1928, inoculating the soil (sterilized and nonsterilized) at varying degrees of moisture 
content, in cans in the greenhouse, with a mixture of nine different strains of Pythium, 
and then bringing intact runner plants to root on the inoculated soil, root rot was pro¬ 
duced. The effect of the pathogene on the plant is twofold: The primary roots may be 
vigorously attacked and become rotten, and the young plant killed in a few days; or, the 
attack may be slow, in which case the plant survives and continues to grow, but remains 
weak, chlorotic, and small in size as compared with the controls. When roots of the in¬ 
oculated plants were plated, only one strain, instead of the nine used as inoculum, was 
reisolated. This strain has not been identified. It produces twisted, swollen hyphae 
(presporangia f) in great abundance, but no spores of any kind on any of the media 
tried. The experiment was repeated and enlarged in the fall of 1928 with practically 
identical results. In this experiment, one set was inoculated with a mixture of the nine 
strains, as previously, and a second set with a pure culture of the single strain alone. 
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Boot rot was produced in both cases, the disease being more severe where the single strain 
was used. 

Fall applications of fungicides in relation to apple-scab control. G. W. Keitt. 

The experiments previously reported have been continued and expanded, special atten¬ 
tion being given to a group of arsenites (chiefly of calcium and copper) of varied com¬ 
position, used individually and in various admixtures with other materials. Perithecia 
of Ventuna vnaequalxs developed abundantly in nontreated leaves. Several of the more 
promising treatments reduced the number of perithecia which matured on sprayed leaves 
to less than one per cent of those on controls. The materials used in these treatments 
promise to be satisfactory with regard to effectiveness against the fungus, cheapness, and 
ease of application. However, the requirement of safety to the host has not been fully 
met. In many treatments the host injury has not been serious. In others it has been 
too severe for successful orchard use. The cases of severe injury from the more promis¬ 
ing materials have usually been traceable to too early application. Amelioration of in¬ 
jury is being sought through delaying the treatments, dilution of materials, and modifi¬ 
cation of materials. Orchardists are cautioned against the use of these treatments until 
a safe and thoroughly tried method can be recommended. 

Spray-oil injury in apple leaves and limbs. P. A. Young. 

Two to 16 per cent emulsions of petroleum oils cause chlorosis in Hibernal apple 
leaves. Emulsions with calcium caseinate (but not those with cresoap) produce angular 
mottling. Unsulphonatable parts of oils are mainly physical in their effects. A 16 per 
cent emulsion of a white oil was tolerated by leaves for two months, although they were 
visibly oily. Hypophyllous brown or purple sheens represent discolored veinlets. In 
severe cases, leaf margins curl upward. Toxic, aromatic, sulphonatable compounds in 
oils sometimes cause red or purple epiphyllous leaf spots. Large hypophyllous brown leaf 
spots are associated with premature defoliation. Oils enlarge wounds in leaves. Shading 
reduces oil injuries. Drouth increases injury from oil sprays. Early sprays may cause 
no symptoms until drouth occurs. Oily regions often remain green in leaves acquiring 
fall colors. White summer oils are fairly safe because the 0.75 to 2 per cent emulsions 
generally used rarely cause severe injuries. Winter oils (8 to 16 per cent emulsions) 
often kill buds, delay their development and cause leaf dwarflng. In sprayed apples, 
microtome sections stained with Oil Bed 0 showed oil between spongy-parenchyma cells 
and in tracheae and vein parenchyma cells of leaves; also in tracheae, tracheoids, and 
pith and between phloem and collenchyma cells in stems. 

Sulphur dust for the control of brown rot of peaches in storage. M. A. Smith. 

Experiments to determine the fungicidal value of Hoppers dusting sulphur at dif¬ 
ferent temperatures were carried on at Urbana, Illinois, during 1928 and 1929. Bipe 
Elberta peaches were carefully selected and divided into four lots. The first lot was 
brushed to remove the fuss and was then given a uniform coating of dusting sulphur. 
The second lot was brushed and nondustecL The third lot was nonbrushed and nondusted. 
The fourtji lot was nonbrushed but was given a uniform coating of dusting sulphur. 
After inoculation with fresh spores of Scl&otinia fructioola , the peaches were placed in 
controlled-temperature chambers ranging from 40° F. to 85° F. The amount of rot was 
noted at the end of 12 days. 

The results Aowed that dusting sulphur was effective in controlling brown rot in the 
brushed' and nonbrushed lots of .peaches at the temperatures of 40, 45, and 55 degrees F. 
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At temperatures of 65° F. and above, no control of brown rot was obtained in any of 
the lots. 

Brushed and nonbrushed peaches which were inoculated but to which no dusting sul¬ 
phur was applied rotted readily at all the temperatures maintained. 

These results show that definite fungicidal action was exerted by sulphur at a tem¬ 
perature as low as 40° F. 

Control of yellow-leaf disease of cherries. Donald E. Bliss. 

Yellow-leaf disease ( Cocoomyces hiemalis) causes premature defoliation of cherry 
trees in Iowa nurseries. As a result, rapid growth and proper maturity of the wood are 
severely checked. 

Thirteen fungicides were compared as to their effectiveness in controlling the disease 
on first-year budded English Morello trees. Twelve applications of fungicides were made 
between May 25 and August 14, 1929. 

Results were based on measurements of height and caliper. One hundred and twenty- 
one trees sprayed with Bordeaux mixture, 4r-4r-50 with the addition of 1 pound of Kayso, 
averaged 34.01 inches tall and 7.43/16 inches caliper and exceeded similar averages of 
105 untreated trees by 11.77 inches and 3.12/16 inches, respectively. Bordeaux mixture 
4r4~50 produced differences of 6.125 inches height and 2.153/16 inches caliper. Koppers 
Thylox dust and Niagara Yitidust were as effective as Bordeaux alone. Bordeaux to 
which Kayso had been added was outstanding because of its ability to wet the youngest 
leaves and to deposit an unbroken layer of fungicide which was not easily removed by 
rain. 

Unsatisfactory materials included: Lime-sulphur solution, 1-50 and Kayso; dusting 
sulphur; Koppers Ferrox and Nickel dusts; Thylox, Ferrox, and Nickel pastes (5 pounds 
to 50 gallons); Niagara Dry Mix and Soluble sulphurs (4 pounds to 50 gallons). 

The occurrence of Gymnosporangmm globosum on Pyrus malus in Iowa . Donald 

E. Bliss. 

Gymnosporamgium globosum occurs commonly in Iowa on Juniperus virginiana and 
Crataegus spp. It has been found on trees of J. virginiana which also harbored the com¬ 
mon cedar-apple rust, Gymvosporangium juniperi-virginianae . 

On May 8 and 11, 1929, artificial inoculations were made on first-year budded apple 
trees in the nursery using galls of G . globosum with naturally expanded teleutosori. 
Sporidia which were discharged from the sori came to rest on moistened surfaces of the 
leaves. Distinct flecks appeared on leaves of the varieties Baldwin, Tolman Sweet, and 
Northwestern Greening after 13 to 19 days. Necrosis followed and no pycnidia or aecidia 
were formed. Noninoculated trees in the same rows showed no symptoms. Negative re¬ 
sults were obtained from inoculation of Wealthy, Early Harvest, Ben Davis, and Benoni. 
Flecks of uncertain cause appeared on McIntosh, Red June, and Whitney. 

Field observations on 50 varieties of apples in 1928 and on 150 varieties of apples 
and ornamental crabs in 1929 did not reveal aecidia of G. globosum . Pyrus malus , for 
the past two years, has not been found to serve as an alternate host of G . globosum . 

Came gall of black raspberry . W. M. Banfield. 

Studies have been made of the nature and cause of the galls commonly found on 
black raspberry canes in Ohio, Michigan, Oregon and other States. The disease appears 
on fruiting canes in early summer as minute spherical galls or elongated ridges of white 
granular gall tissue. The galls may increase in size and number until they completely 
cover sections of the cane surface. 
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Bacteria isolated from such cane galls have differed consistently from a crown-gall- 
type strain, originally isolated from apple. Whereas the type strain induced large crown 
galls on tomato stems, the cane-gall organism induced only slight swellings. On red rasp¬ 
berry roots the type strain consistently induced large crown galls; the cane-gall organism, 
inconspicuous swellings. On black raspberry first-year canes the crown-gall-type strain 
induced comparatively small galls; the cane-gall bacteria, large galls similar to those 
from which they were isolated. From these galls, produced by inoculation, bacteria have 
been isolated which were typical of those inserted. 

Preliminary bacteriological studies suggest that the cane-gall organism is quite dif¬ 
ferent from the crown-gall-type strain. Further studies are now in progress to determine 
whether the cane-gall organism is a variety of Phytomonas tumefaciens or a separate 
species. (The University of Wisconsin and the Bureau of Plant Industry, United States 
Department of Agriculture, cooperating.) 

Seasonal development of crown gall and hairy root. A. J. Biker, E. Hildebrand, and 

G. W. Keitt. 

Seasonal development studies of hairy root and crown gall of nursery Apple trees 
were conducted during the major portion of the growing season of 1929 at Topeka, Kan¬ 
sas. Various meteorological records were kept throughout this period. Inoculations with 
pure cultures grown from single cells of the crown gall and hairy root organisms, respec¬ 
tively, were made at frequent intervals. The incubation periods were found to be longest 
in the spring or fall and shortest in the summer. The natural incidence of macroscopic 
hairy root was comparatively slight before the first of August, but increased rapidly 
thereafter and seemed to be correlated with the rapid increase in diameter of the trees. 
No naturally occurring crown gall was found on the trees examined. When correlated 
with the incubation periods following inoculations, these results suggest that under the 
conditions of this work the critical period for infection by the hairy root organism occurs 
not at the time the grafts are made but following the middle of June. However, the 
possibility of extended incubation periods deserves further attention. Infection was 
found to occur only through wounds, which ordinarily remained as open infection courts 
for only two days. Little if any infection was secured through uninjured callus. (The 
University of Wisconsin and the Bureau of Plant Industry, United States Department of 
Agriculture, cooperating.) 

Histological studies of callus knots on apple grafts. John E. Sass. 

As a phase of a program of crown-gall investigations, histological studies were made 
of callus knots formed in the absence of a pathogen. In the apple grafts used (Wealthy 
on French seedlings), proliferation on the cut surfaces begins in the secondary phloem, 
not in the cambium. Subsequently, the secondary phloem, cambium, and primary cortex, 
but not the periderm, proliferate callus. The spongy cells of the respective callus masses 
formed by the stock and scion mingle, and together proliferate into the gap between the 
graft members. No elements of the woody cylinder centripetal to the cambium con¬ 
tribute to this process. The gap is rarely filled during the first year and no vascular 
bridging occurs through the filler callus. In poorly matched grafts, excessive callusing 
occurs ani the establishing of cambial co*|tintt£ty between members is delayed. Subse¬ 
quent cambial activity in a well-matched graft lays down a continuous and efficient cylin¬ 
der of xylem'and phloem. A sizable knot may form on the scion lip before the gap 
between membera is one-third filled. The formation of this gall-like knot is conditioned, 
not by failure of vascular bridging through the filler callus, but by retarded establish¬ 
ment of cambial continuity be twee# 1 stock and scion. 
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The movement of the crown-gall organisms in the stems of tomato plants . Spas Ivanopp 

and A. J. Biker. 

Studies have been made relative to the movement of Phytomonas tumefacxens in the 
stems of young tomato plants during the first four hours following inoculation. Pure- 
culture inoculations were supplemented by similar experiments in which each of the Gram¬ 
positive, non motile bacteria (P. insidiosum and P. michiganense) and Burri’s India ink, 
respectively, were mixed with crown-gall bacteria. These agents facilitated locating the 
less conspicuous crown-gall bacteria. Alone and in various combinations with the crown- 
gall organism, these agents were introduced into tomato stems through needle punctures. 
Dead cells of P. tumefacxens were also used. In histological sections prepared from this 
materia], these agents, alone or mixed with the crown-gall bacteria, were found in three 
conditions; viz., as masses resembling zoogloeal strands, as clumps, and as individual 
bacteria or particles. After the first two minutes no significant progressive movement 
was observed in the 4-hour period studied. Dead crown-gall bacteria and India ink 
particles showed types of'movement, rapidity of movement, and distributions within the 
tissue similar to those of living crown-gall bacteria. Various physical phenomena, such as 
negative pressure, capillarity, and convection currents, appear to deserve consideration 
in accounting for this movement. 

Diseases of fruit trees tn Illinois , 1922-1928. L. R. Tehon and G. L. Stout (Presented 

by G. L. Stout.) 

The methods developed and used and a summmarization of the data acquired in a 
fruit tree-disease survey in Illinois covering the period 1922-1928 are reported upon. Dis¬ 
tinction is made between prevalence of disease and intensity of attack. Scales for measur¬ 
ing the intensity of various diseases are described. From statistical indexes developed 
from the data, graphic presentations are made of the annual trends of diseases in their 
prevalence and intensity phases, and it is shown that years favorable to diseases of 
pomaceous fruits are generally unfavorable to diseases of drupaceous fruits. A final 
summary of data shows that fruit-tree diseases have had the average annual prevalence 
and intensities given in the following table: 


Kind of 
tree i 

l 

No. of dis¬ 
eases con¬ 
sidered | 

Av. incidence 
of diseases 
per troc | 

Average intensity of disease attack 

On fruit* 

| On twigs 1 * 

On leaves® 

Apple 1 

5 1 




! 9.38 

Poach 

4 




10.34 

Plum 

o 




4.35 

Cherry 

2 




| 4.30 

Pear 

1 | 

.50 

— 

8.98 

1 

i 


o, percentage of fruit infected; b, percentage of twigs infected; c, percentage of 
leaf area occupied by lesions. On both plum and cherry, the two leaf spots are counted 
one disease. 


Probable identity of red and mild mosaic of black raspberries . W. H. Rankin. 

Three seasons’ records of symptoms of virus diseases in a black-raspberry planting 
indicate that mild mosaic is an expression of red mosaic. In the Plum Farmer variety 
red mosaic is definitely shown in a large percentage of cases by the “black tips” of the 
sucker laterals. In many other individuals slightly darkened areas on the petiole of a 
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single leaf are the only symptoms. Between these two extremes various grades of sup¬ 
pression of symptoms are found. Mild mosaic on the fruiting lateral foliage was defi¬ 
nitely correlated in 80 per cent of those showing red mosaic; only 5 per cent showing 
mild mosaic did not show red mosaic. The Plum Fanner population contained 2 per cent 
mild mosaic alone and 46 per cent red and mild combined, indicating that they are iden¬ 
tical. Cumberland in a few cases showed symptoms of red mosaic approaching the black 
tip effect but more often a rosetting of the tips and occasional darkened areas on the 
petioles of a few leaves were the only symptoms. Mild mosaic on the fruiting laterals 
of Cumberland was present in 91 per cent of those showing red mosaic but 67 per cent 
of the plants showed mild mosaic only. That mild mosaic often represents the only symp¬ 
tom of red mosaic in Cumberland seems tenable. 

A mosaic type in certain cases of peach yellows occurring near potatoes . Gilbert L. 

Stout. 

During a study of peach yellows, which, after a long period of supposed nonoccur¬ 
rence in the State, has been found in Illinois since 1927, attention was attracted to a 
number of diseased trees with unusual foliage symptoms. The leaves of these trees were 
yellow-green to exceedingly pale or blanched with considerable greenness retained along 
the veins, which presented a marked color contrast with the rest of the leaf. The result 
was a striking mosaic-type appearance. 

Yellows trees with this leaf coloration have had a previous history of proximity to 
potatoes and garden plantings. 

It is suggested that more than one virus may cause peach yellows and that secondary 
symptoms may vary with the virus. 

Slimy rot of head lettuce, J. G. Brown. 

Slimy rot of head lettuce is a field, transit, and storage disease which causes a large 
annual loss. It has been produced in healthy lettuce plants by inoculations, and the organ¬ 
isms have been reisolated. Recent studies disclose that certain conditions of the host 
favor infection. 

Bacterial cariker of tomatoes—present status of the disease. Mary K. Bryan. 

This disease has spread in recent years by means of the infected seed to the southern 
and western States, causing heavy losses to canners and market gardeners by reducing 
both quantity and quality of fruit. Often a large percentage of plants are killed before 
setting fruit. In other cases fruit spot has seriously reduced the amount of marketable 
fruit where vines had set a fair crop. Spotting of leaves and stems also occurs but ap¬ 
pears to be of less economic importance. 

Lesions are most conspicuous in the upper part of the plant; in the root a slight 
discoloration of the xylem is often the only noticeable symptom. As the systemic infec¬ 
tion spreads through the cortex to the epidermis it breaks to the surface in open cankers 
on stems, midribs and small veins, setting free the bacteria which, under favorable weather 
conditions, produce secondary infections on fruits, leaves and stems. 

' Spotting of young fruits takes place through the numerous delicate surface hairs. 
Stomata! infections on leaves are at first minute, white, raised cankers; later are sur¬ 
rounded by a zone of dead gray tissue. If near together, large dead areas may'"be 
formed. Infection may react the vascular system from these spots or from similar spots 
on stems. 
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Control of Bacterial canker of tomatoes. Mary K. Bryan and O. C. Boyd. 

Internal infection of tomato seed was demonstrated by planting externally disinfected 
seed, by cultures and by microtome sections showing bacteria in dense masses inside the 
seed coat just below the surface. Hence mercuric-chloride or scmesan treatments give 
incomplete control. 

Preliminary hot-water treatments of freshly cleaned and dry seed have shown that 
54° C. for 1 hour retards germination slightly but does not reduce percentage of germi¬ 
nation or sturdiness of plants. Both dry and freshly cleaned seed from infected fruit 
yielded Aplanobacter michiganensc in cultures after external disinfection with mcTcuric 
chloride. Samples of the same lots of seed after treatment with hot Water at 54° for 
50 and 60 minutes gave no growth of the organism in cultures. Treatment for 30 and 
40 minutes did not kill the organism in wet seed. As higher temperatures are injurious, 
this does not allow a sufficient margin for safety. 

Field observations, so far, indicate that soil hold over may or may not be important. 
In New York there has been no recurrence of the disease for two years in fields where it 
was serious the previous year. It has l)een demonstrated, however, that the bacteria sur¬ 
vive both summer and winter conditions in Georgia in compost from diseased plants and 
in fields where infected compost was used the previous year. A study of temperature and 
pH as influencing survival in the soil is under way. 

Selection of seed from clean fields, rotation of seed beds and fields and disinfection 
of seed with mercuric chloride are recommended. 

Further studies on the seed-corn maggot and potato black leg . J. G. Leacii. 

A comparative study was made of the internal bacterial flora of the seed-corn mag¬ 
got, the principal bacteria associated with black leg, and certain soil-inhabiting bacteria. 
It was found that certain soil saprophytes, such as Pseudomonas flworcscens, predominated, 
although pathogenic species were represented in each group. The insect should be con¬ 
sidered as an occasional carrier of the pathogene. 

nistological studies showed that bacteria of many kinds pass, apparently uninjured, 
through the intestinal tract of the larva. In the imago certain types of microorganisms 
apparently are destroyed, whilo certain rod-shaped species pass through uninjured. Nu¬ 
tritional studies indicate that bacteria, as such, are not necessary for the growth of the* 
insect, but that they furnish available food by digesting the plant tissues. Certain ger* 
minating seedlings can be utilized in the absence of bacteria, while mature tissues can 
be utilized only after having been digested by microorganisms. 

Survival of the potato-black-leg pathogene in the soil and some factors influencing vnfec - 

ft’ojLj J. G. Leach. 

TlliiJllack-leg pathogene survives the winter in the soil in Minnesota. The conclu¬ 
sion of earlier workers that this organism could not survive the winter in the soil appears 
not to be justified. Their conclusion was in part based on negative evidence, which, 
the light of recent investigations on the methods of infection, has little or no bearing on 
the question. The pathogene is very resistant to low temperatures and is extremely re¬ 
sistant to desiccation when dried slowly in soil. 

Excessive soil moisture, because it excludes oxygen, greatly inhibits the formatiorPof 
wound cork by potato seed pieces. The black-leg pathogene, a facultative anaerobe, grows 
readily in soils too moist to permit cork formation. Under such conditions black leg tan 
result from soil infection. Such inhibition of cork formation followed by soil infection, 
is probably responsible for much of the development of black leg in moist soils or during 
very rainy seasons. 
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Some conditions determining potato-seed-piece decay and black leg induced by maggots . 

Reiner Bonde. 

In laboratory tests, adult flies of the seed corn maggot ( Uylemyia dlicrura J, caught 
in the open, did not infect potato seed pieces by direct contact. From eggs of such flies 
deposited in s&rilized soil, maggots emerged which induced decay in potato slices in 
damp chambers^ In seed pieces in soil, rapid decay was dependent upon shallow lesions 
caused by various fungi and bacteria on unhealed surfaces and upon the entrance of the 
maggots through such lesions. Thus, with maggots present, decay occurred in freshly 
cut seed pieces planted in nonsterilized soil (and attacked by fungi or bacteria), but not 
in suberized seed pieces planted in nonsterilized soil or in freshly cut seed pieces planted 
and becoming healed in sterilized soil. 

In commercfal potato-growing conditions in Maine, the maggots showed a similar 
relation to seed-piece decay, except that entrance lesions due to fungi and bacteria devel¬ 
oped largely in storage and not in soil, even on freshly cut seed. From the inside of the 
puparia, Bacillus pliytophthorus and some other potato-pathogenic bacteiia have been 
isolated. 

Similar effects were induced with seed-potato maggots (H. trichodactyla). Nega¬ 
tive results were secured with the common house fly ( Musca domestica ), false crane flies 
(Trichocera sp.), a fungus gnat (Sciara tribentata) and vaiious species of Drosophila . 

The cabbage ma*ggot as a disseminating agent of bacterial rots in the Cruciferae. 

Reiner Bonde. 

Turnips grown in the field could be grouped into tlnee classes—(1) those with 
cabbage-maggot injury ( Uylemyia brassicae) associated with a soft uhite lot; (2) those 
without maggot injury or rot; (3) those with maggot injury but without rot. The last 
group, however, developed the lot in storage, while turnips with no maggot injury re¬ 
mained healthy. ♦ 

Maggots severely damaged Chinese cabbage and were found burrowing not only in 
^the roots but up the fleshy midribs of the leaves. A rapid soft rot followed their trail. 
~:>me plants rotted ^before heads were formed. 

Rutabagas were attacked by maggots but rapid decay was not observed in the field. 
However, from near the trails bacteria were isolated which were pathogenic on turnip 
roots, cabbage leaves, and potato slices. Such organisms could not be isolated from non- 
fhfested plants. * t 

The wild mustard ( Brassioa arvensis) and the wild radish (Baphanus raphanistrum) 
were found generally injured at their roots by the cabbage maggot. Pathogenic bacteria 
often were obtained from the slightly discolored areas in the vicinity of the maggot trails 

• bit not from noninfested plants. Maggots from wild-radish roots were capable e# induc- 

* ing bacterial decay in slices of turnips and kohlrabi. These maggots, however, did not 

# f&d upon and* infect potato slices. 

• » Pupae of the cabbage maggot found in dry soil were surface sterilized and placed 
m oJt agar plates until the flies emerged. From the inside of the puparia pathogenic bac¬ 
terial cultures were secured. Similar cultures have been taken from inside mature flies 
’cajjght in ttoe field in early spring, which suggests that the pathogenic organisms over¬ 
winter inside of the pupae. 

»*Several •apparently different drganisms were isolated from the hosts injured by mag% 
gol£ and from inside the inseet pupae. These organisms have not been identified but 
Appear from host range and symptoms to include Bacillus carotovorus, 3. ghytophthorus 
jnd Bacterium campestre? 




1930] 


Abstracts 


129 


A wilt of African daisy . B. B. Mundkur. 

In the spring of 1929 African-daisy plants, Dimorphotheca aurantiaca, growing in 
the horticultural greenhouses of the Iowa State College, were found suffering from what 
appeared to be a wilt disease. Microscopic examination of the tap root and the stem 
showed that the xylem vessels had been invaded by fungal hyphae. Small pieces of the 
diseased tissue, suiface sterilized and transferred to agar plates, yielded with marked 
purity and regularity cultures of a species of Verticillium. Seedling plants inoculated 
with pure cultures of the organism showed characteristic symptoms of the disease. 
In steam-sterilized soil infested with pure cultures of the Verticillium, plants also 
developed the disease. This Verticillium was compared with F. albo-atrum of potatoes 
in regard to its physiologic responses. It is similar to the potato Verticillium in respect 
to its growth on various media, ^its rate of growth, tolerance of acidity and alkalinity, 
and the formation of conidia. 

Further progress with the control of aster wilt and ydlows. L. R. Jones and Regina S. 

Riker. 

Results in 1929 support those reported last year. With Fusarium wilt, selections for 
disease resistance again gave highly satisfactory results. Those considered stabilized in 
1928 yielded like results in 1929. More recent selections approach stabilization. Prom¬ 
ising resistant strains of all colors in type preferred by commercial florists have been 
secured. Trials made on 1 ‘ sick 11 soil in cooperation with John Bodger and Sons, seeds¬ 
men, Los Angeles, California, confirmed the resistance of eastern selections, and indicate 
the identity of the disease as it occurs in the East and the West. These trials also re¬ 
vealed promising new strains in commercial seeds surviving from earlier commercial cul¬ 
turing on sick soils. Tests are to bo continued in the West where large-scale operations 
in the open are possible on sick soil in association with commercial seed culture. 

In the prevention of yellows the use of inclosures covered with cloth of 22 x 22 
threads per inch was again found effective but cloths somewhat coarser (12 x 12, 12 x 16, 
and 16x22) proved ineffective. A commercial florist found cloth-covered areas practical 
and profitable for cut-flower culture. 

Transmission of astir ydlows to the tomato. L. O. Kunkel. 

A number of unsuccessful attempts were made to transmit astef yellows to tomato 
plants by exposing them to yellows-carrying leaf hoppers of the species Cicadula sexno- 
tata. During 192S it was learned that a disease resembling aster yellows was prevalent 
on tomatoes in certain districts in Maryland. Since a numl>er of solfnaceous plants take 
aster yellows it was thought that the disease might be transmitted td tomatoes by graft¬ 
ing from closely related species. Nicotiana rustica was chosen forr this purpose. Yel¬ 
lowed buds were transplanted to 12 healthy tomato plants of the Bonnie Best variety. 
All of the 5 plants in which the buds lived and grew developed the* symptoms of aster 
yellows. The other 7 plants and 3 check plants remained healthy. Soon after the symp- * 
toms of yellows began to show, the N. rustica buds were cut out of 2 of the tomato plants. 
These plants did not recover but continued to show symptoms of yellows as long as they 
lived. It is, therefore, concluded that yellows was transmitted to the tomato. The fact\ 
that tomatoes are susceptible to this malady suggests that the disease prevalent in Mary¬ 
land may be aster yellows. 

Transmission of Sida mosaic by grafting. L. 0. Kunkel. 

A mosaic disease common on Sida rhombifolia and other spgcies of Sida in Florida 
and in Haiti is not transmitted by the ordinary mechanical methods. It is not carried 
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through the seed but is readily transmitted by budding or grafting. In symptoms and 
in behavior this disease closely resembles the mosaic of Abutilon striatum var. thompsonH . 

Infectious chlorosis of the rose . Bay Nelson. 

An infectious chlorosis of the rose has been present in the commercial rose houses 
of Michigan for at least four years. A recent survey of the larger houses has shown 
that the disease is increasing in importance, is generally present on certain varieties and 
that extensive losses have occurred in some instances. A loss of 9,000 plants of the 
Matchless variety was noted in one house. The disease usually causes a stunting of the 
plant, formation of midget or malformed leaflets, curling and leaf mottling of various 
degrees from faint mosaic speckling to extensive chlorotic areas along the veins. Flower 
buds on diseased plants are nearly always imperfect and salable flowers are seldom 
produced. 

The disease has been found on a number of popular varieties of hybrid tea roses, 
has also been noted on Pernetianas and hybrid Pernetianas and is being widely dissemi¬ 
nated through the shipment of diseased Bosa Mcrnetti and Ragged Robin understocks. 
The percentage of disease observed in western plantings of these understocks has been 
from 10 to 100. The disease has been transmitted by budding and grafting on infected 
understocks but not by insects. 

An infectious chlorosis of rose. R. P. White. 

A distinctive chlorosis of rose leaves accompanied by a general dwarfing of the 
entire plant, certain malformations and necroses of the leaf lamina and petioles, and 
frequently a root browning, was first observed in 1927 on greenhouse-grown roses. Since 
then it has been observed on 25 hybrid tea varieties of rose grown under glass from 
eight States and eastern Canada. In 1929 it was found occurring naturally on eastern 
outdoor-grown roses. The root browning was soon found not to be correlated with the 
chlorosis. 

The disease has been observed occurring naturally only on hybrid tea varieties 
and Bosa Manetti. It has been experimentally transferred to Bosa multiflora t but 
attempts to transfer it to Bosa odorata and to Pernetiana and Polyantha types of roses 
have failed. 

Transfer of the disease to healthy plants has been accomplished by the use of buds 
from diseased plants, disease symptoms appearing after one month on new growth of 
the originally healthy plant, in some cases far removed from the point of bud insertion. 
Insect-free dormant plants, when grown in insect-proof cages, have reproduced typical 
symptoms. Insect transfer has thus far failed. 

Field control of rose diseases. R. P. White. 

Spraying experiments for the control of black spot of roses and certain canker 
diseases were conducted in two commercial nurseries on six varieties. Fourteen applica¬ 
tions were made throughout the season, the first being made on May 15 and the final 
on September 24. 

Excellent control of black spot was obtained with several proprietary sulphurs. 
Less satisfactory control was obtained with copper dusts and sprays or with concen¬ 
trated lime-sulphur at the rate of 1 gallon to 50 gallons of water with 3 pounds of iron 
sulphate added to each 250 gallons of the spray. Control of the initial infections of* 
brown canker and die-back due to the same disease was also obtained with many of the 
sulphurs but less satisfactory control was obtained with the coppers. 
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Data on growth responses to the various sprays used indicate that copper sprays 
produced a dwarfing of the plant out of proportion to the dwarfing produced by the 
failure to control black spot. 

Two Phytophthora diseases of Rhododendron. E. P. White, 

Phytophthora cinnamomi has been determined as the cause of Ehododendron wilt. 
Most severe losses occur in Rhododendron ponticum and hybrid seedlings; R. caro- 
lineanum and R. californicum have been found susceptible. 

The organism, a soil saprophyte, decays fibrous roots and advances up the Btem 
in the phloem and cambium regions. Dark brown cankers are formed on the new growth 
where the pathogene also invades the cortex and pith and eventually the rneristematic 
xylem elements. Infection may also take place at the soil level through growth cracks 
which occur during the second year’s growth. 

Studies on acidity and temperature-growth relations of the organism, and the effect 
of soil disinfectants indicate that the disease may be controlled by changing certain 
cultural practices and by the use of certain soil disinfectants. 

Phytophthora cactorum has been found to cause a serious die-back of native and 
hybrid Ehododendrons of all ages. Infection has been secured by inoculations through 
the terminal bud and bud scales on the new growth, but not in tissue one year of age 
or older. 

This organism has also been found to cause a leaf and twig blight of Syringa 
vulgaris, from which it is disseminated to Ehododendron. Cross inoculations have been 
successfully conducted. 

Snow mold on turf grasses. Arnold S. Daiil. 

Snow mold, caused by Fusarium spp., is common on lawns and golf courses in 
northern United States and Canada. The economic loss is greatest on putting greens 
where the disease produces grayish patches which may have a pinkish tinge. These 
patches are usually less than 12 inches in diameter but may run together to cover large 
areas. When the atmosphere is moist or snow is present and the temperature is near 
the freezing point, a mycelial weft covers the diseased patch. As the fungus grows 
under the snow, the disease is most conspicuous immediately after the snow melts. Heavy 
fertilization and covering the greens with straw late in the season encourage attacks of 
the fungus. Eye, wheat, barley, oats, fescue, creeping bent, and Kentucky blue grass 
have been infected in the greenhouse. A distinct difference in susceptibility has been 
found among the various strains of creeping bent used on putting greens. Corrosive 
sublimate and calomel have proven successful in controlling the disease. 

Progress report on barley and wheat scab. James G. Dickson, E. G. Shands, P. E. 

Hoppe, Helen Johann, and E. B. Mains. 

An epidemic of scab occurred again the past season, light in general severity, but 
extending westward over more area. Surveys showed Bevere damage in fields where 
wheat and barley were sown on poorly prepared corn land. Secondary spread and losses 
from the disease were increased materially by cutting scab-infected fields before thor¬ 
oughly ripened. Control measures have developed along two lines, crop rotation and 
fall plowing especially for barley and the development of scab-resistant lines. (Coopera¬ 
tive investigations between the Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture, Wisconsin Agricultural Experiment Station, 
and Purdue University Agricultural Experiment Station.) 
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Some feeding tests with scabby barley. B. B. Mundkur and B. L. Cochran. 

In the fall of 1928 many complaints were received by the Iowa Experiment Station 
regarding barley poisoning of hogs and poultry. This barley contained fungal hyphae 
in a large percentage of the grain. Perithecia were present on the surface of about 4 to 
8 per cent. The fungus, on isolation, was identified as Gibberella saubinetii. 

Hogs fed on an exclusive diet of this barley developed nausea for food and starved 
rather than eat it, while checks fed on clean barley were not sick and showed a slight 
increase in weight. After the fifth day the test animals on scabby barley began to vomit 
but did not develop any diarrhoea. 

Mature chickens on the scabby barley showed no disease and lost no weight even 
when they were fed on artificially infected barley, while chickens, two weeks old, showed 
a loss in weight and developed a rough plumage. The birds were not on an exclusive 
barley diet and it was observed that they rejected a lot of the feed, picking out, as far 
as possible, the mash. 

Guinea pigs rejected an exclusive barley diet. Fed on a half-and-half mixture of 
scabby barley and a mash, they lost in weight, but did not develop any disease symptoms 
such as was exhibited in the hogs. \ 

Feeding scab-infected barley. B. H. Roche, G. Bohstedt, and James G. Dickson. 

The farm utilization of scab-infected barley has been found economical by feeding 
it to cattle, sheep, and poultry. The ruminants and poultry make good gains on heavily 
scabbed grain with no apparent ill effect. Pigs, horses, and dogs as well as man are 
very sensitive to the accumulated products in the infected grains and will not tolerate 
low percentages of badly scabbed kernels. No method has been found to date whereby 
badly scabbed grain can be fed economically to pigs. Scabbed grain should be fed to 
cattle, sheep, or poultry on the farms rather than sold at a big discount at the elevator. 
(Cooperative investigations between the Office of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Depaitment of Agriculture, and Wisconsin Agricultural Experi¬ 
ment Station.) 

Beport on the emetic substances in Gibberella-infected barley. Allan D. Dickson, Karl 

P. Link, B. H. Roche, and James G. Dickson. 

The water extract from badly scabbed barley finely ground and extracted four to 
six hours was found to produce acute vomiting in pigs. The extract when freed from 
protein, polysaccharides and those nitrogenous substances precipitable with tannic acid 
is more active as an emetic for pigs than the original crude extract. The active sub¬ 
stance or materials seemingly are associated with the fractions containing glucoside or 
basic nitrogen compounds. Farther tests are being made with pigs and dogs in order 
to isolate and identify the substances. (Cooperative investigations between the Office 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. 8. Department of Agricul¬ 
ture, and Wisconsin Agricultural Experiment Station.) 

Beport upon scab-resistant cereal varieties B. G. Shands, P. E. Hoppe, and E. B. 

Mains. 

Gibberella infection, scab, has played an important rdle during the past two seasons in 
further establishing such wheat varieties as Michigan Amber, Illinois No. 1, and Progress 
in the corn-winter-wheat area. There were marked differences in scab reaction in the 
wheat varieties tested the past few years with relatively less differences in the standard 
barley varieties.* Testing and selecting for resistance have been difficult due to the 
complex relationship between .tie environment and the development of the diseases. 
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(Cooperative investigations between the Office of Cereal Crops and Diseases, Bureau of 
Plant Industry, TJ. S. Department of Agriculture, Purdue University Agricultural Experi¬ 
ment Station, and Wisconsin Agricultural Experiment Station.) 

The problem of seed transmission of the typical mosaic of tobacco . B. M. Duggar. 

As a continuation of experiments with various substances that might be concerned 
in the adsorption of the virus of typical tobacco mosaic, experiments were made employ¬ 
ing a variety of proteins and other complex substances. Although the results were 
varied, they were in certain instances positive; and this has led to a study of the 
influence of ground seeds of various types in inactivating the virus. The experiments 
have included seeds of diverse composition, that is, those primarily starchy and those 
primarily proteinaceous, representing several different families of plants. 

Inactivation of the virus, which has been marked with certain proteinaceous seeds, 
is not a factor of the absolute protein content, but depends apparently on specific pro 
teins or other specific material accompanying them. The ground tobacco seed is likewise 
capable of producing inactivation, but this is never complete at the concentrations 
employed. The probability of relation of transmission to adsorption and inactivation 
through storage proteins is pointed out. 

Aphid transmission of plant viruses. Ism£ A. Hoggan. 

The determination of the role played by various aphids in the transmission of 
specific plant viruses is of both fundamental and practical interest. That the virus of 
ordinary tobacco mosaic is transmitted by aphids has recently been laid open to question. 
Greenhouse trials have now demonstrated that Myzus pseudosolan i and Macrostphum 
solamfolu arc capable of transmitting this virus from tomato to various solanaceous 
hosts, although these aphids are apparently incapable of transmitting the same virus 
from tobacco. On the other hand, they will readily transmit the cucumber-mosaic virus 
from both tobacco and tomato, as will also another species, determined as Myzus cxrcum- 
fltxvs. This latter aphid also appears unable to transmit the virus of ordinary tobacco 
mosaic from tobacco, in this respect resembling the peach aphid (Myzus pcrsicae ). No 
adequate explanation can yet be offered to account for this peculiar selective capacity of 
the aphids With respect to both the virus and the host plant. 

It therefore appears that, although Myzus pseudosolani and Macrosiphum solamfolu 
may be factors in the dissemination of ordinary tobacco mosaic on tomato, none of the 
aphids studied is likely to be of importance in the dissemination of this disease in 
tobacco fields. 

Cytological and bacteriological investigations of bean mosaic. Ray Nelson. 

A cytological study lias been made of two kinds of mosaic, mottle-type, common 
on pea bean, and rugose mosaic on Refugee. Free-hand, unstained section from petioles 
mostly have been used. These were supplemented by paraffin sections stained with iron 
liaematoxylon and Giemsa stains. The presence of a minute organism has repeatedly 
been demonstrated in chloroplasts and in the cytoplasm of phloem, xylem, and parenchyma 
tissues of diseased plants. Invaded chloroplasts show first a small vacuolized area con¬ 
taining the organism. The chloroplasts are eventually destroyed and the organism is 
found in abundance in the plastid detritus. The organism may be localized or widely 
distributed in the plant. It is apparently a minute coccus usually occurring singly, in 
pairs, or in chains, but exhibiting considerable pleomorphism. 

Using modified bacteriological methods, successful isolations have been made from 
very young seeds taken aseptically from immature pods and from leaf tissues from 
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mosaic plants grown under sterile conditions. The percentage of successful isolations 
apparently corresponds with the number of mosaic plants obtained from seed harvested 
from diseased plants. The organisms are sensitive to cultural conditions and frequent 
subculturing is necessary. Successful isolation and subcultures often fail without the 
aid of tissue cultures. Pathogenicity has not been proved. A morphologically similar 
organism has been isolated from highly susceptible varieties of beans showing no appar¬ 
ent symptoms of mosaic. 

Spread of mosaic virus in tomato plants . W. A. McCubbin and Floyd F. Smith. 

A report previously presented indicated that the virus of tomato mosaic spreads 
through the stems at about the rate of 1-2 cm. per hour. Repetitions of this work have 
been carried out since that time and the results indicate that the passage of the virus 
is greatly delayed at temperatures somewhat lower than those presented earlier. The 
procedure involved rooting several branches of a tomato plant in surrounding pots so 
that any member of the resulting colony might be removed and grown independently, 
inoculation of one colony member with mosaic virus, removal of individual members 
thereafter at stated intervals, and subsequent observation of these to note the appear¬ 
ance or absence of mosaic. 

When a section of the woody cylinder was removed from the stem connecting colony 
members the virus was apparently able to cross this point readily; and when a ring of 
cortex was removed at this point mosaic developed in the uninoculated shoot in several 
cases. It is believed that adequate precautions were taken to avoid accidental infection 
in these plants. 

Investigations of tomato streak, S. P. Doolittle and H. L. Blood. 

Studies of tomato streak in Wisconsin show that three distinct forms of the disease 
exist. One of these is the familiar form produced by the combination of tomato mosaic 
and the juice of the potato. The other two forms, while of unknown origin, do not 
appear to contain the potato factor. The potato combination and one of the other forms 
produce a marked leaf necrosis and streaking of the stem, while the remaining form 
produces a severe stem Btreaking with occasional inconspicuous leaf necrosis. 

In the expressed juice of plants affected with the potato combination the thermal 
death point of the virus is 65°-70° C. and its longevity in vitro is about 14 days. One 
of the other forms has a thermal death point above 80° C. and lives for at least 180 
days. Similar studies with the remaining form have not been completed. Comparative 
inoculations using 45 species of the Solanaceae showed marked differences in the symp¬ 
toms induced by each of the three forms. 

Experiments with plants held at constant temperatures between 16° C. and 28° C. 
showed that the relative intensity of stem and leaf necrosis could be greatly altered or 
these symptoms entirely suppressesd by changes in temperature. The temperature 
reactions were distinctly different with each form of the disease. 

(Cooperative investigations, Office of Horticultural Crops and Diseases, Bureau Plant 
of Industry, U. S. Department of Agriculture, and Wisconsin Agricultural Experiment 
Station.) 

* 

Mutilated seed — a contributing factor in defective stands of lima beans. W. A. 

Whitney. 

In the summer of 1929 an alarming lack of stand of certain lots of California-grown 
lima beans was ^feperienced by certain growers in the East. Examination of the seed 
revealed the presence of seed-coat and cotyledon cracking amounting to 50 to 80 per 
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cent. Seed lots on which no complaints were registered showed only 5 to 11 per cent 
similar cracking. The seed-corn maggot, diseases of fungous or bacterial origin, the 
use of commercial (food) stock, and old seed are factors which might add to the severity 
of the trouble, but no single one can be considered the cause of the lack of stand. Injury 
to the seed during threshing is held responsible for the mutilation and, as a result, for 
malformed seedlings and the generally poor stands from certain seed lots. Conditions 
of high temperature and low humidity in the seed-growing regions at the time'of maturity 
and threshing result in extreme brittleness of seeds and makes them more susceptible to 
injury during threshing. It is suggested that more attention be paid to the speed of 
the threshing machine to eliminate the occurrence of a dangerously high percentage of 
mutilated seed. 

Research on potato viruses in Montana . P. A. Young. 

Curly mosaic may be a genetic abnormality. Willowy tops represent one symptom 
of rugose mosaic. Rugose mosaic killed leaves and tops of inoculated plants. It was 
transmitted to potatoes separately having mild mosaic and leaf-rolling mosaic, thus 
indicating distinct viruses. Crinkle mosaic, leaf-rolling mosaic, mild mosaic, spindle 
tubor, leaf roll, and witches’ broom were transmitted by core grafts. Fifty normal 
seed pieces, core-grafted with normal cores, produced normal plants. Mosaic in one 
selection of Idaho Rural potatoes apparently was not masked by temperatures of 
25-30° C. Masking temperatures appear to differ for different forms of mosaic. Large, 
globular, intracellular bodies in rolled leaves are a symptom of leaf roll. Core grafts 
failed to transmit calico. Gray leaf spots in one form of calico were due to the absence 
of palisade colls. Tubers with witches’ broom often have a normal dormancy period. 
Eye-bearing cores of potatoes with witches’ broom grew after insertion into sugar-beet 
roots, producing peculiar symptoms in the beet leaves. Average reductions in yields 
caused by viruses: Triumph spindle tuber, 43.7 per cent; Triumph crinkle mosaic, 42.1 
per cent; Gem spindle tuber, 64.3 per cent; Gem mild mosaic, 20.7 per cent; Idaho 
Rural crinkle mosaic, 20.4 per cent. 

The viruses concerned in rugose mosaic of Irish Cobbler potatoes and the weed-host 

problem . W. D. Yalleau. 

Transfers from i 1 healthy ’ ’ Irish Cobbler potatoes to tobacco produce a mild disease, 
characterized by small necrotic rings on rubbed leaves and mild watered-silk patterns in 
new leaves (J. Johnson’s mottle). When virulent, it produces necrotic ring-and-line 
patterns. (J. Johnson’s ring spot—distinct from tobacco ring spot.) Transfers from 
rugose-mosaic Cobblers to tobacco produce “spot-necrosis” (of J. Johnson and ring 
spot of K. M. Smith) or predominantly vein-banding symptoms. Spot-necrosis may be 
separated into two distinct diseases; “healthy potato,” and vein-banding (Smith’s 
insect transmitted disease), the latter commonly found in tobacco where potatoes have 
been grown. Yein-banding, from tobacco, and “healthy potato” mixed, produce spot- 
necrosis in tobacco and rugose mosaic in seedling potatoes; or if the healthy potato 
virus is virulent, a severe necrotic disease of potatoes. Yein-banding, etch, and severe 
etch cause mild, medium, and severe rugose symptoms, respectively, in otherwise virus- 
free seedling potatoes, from the tubers and second and third generation plants of which 
the viruses may be transferred to tobacco. Cucumber viruses also cause disease in 
potatoes. The viruses mentioned, and perhaps others, appear to spread from potatoes 
to some weeds and then to tobacco grown subsequently. As the weeds may harbor potato 
viruses they should be given more consideration in the potato-disease-control program. 
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Insect transmission of potato-virus diseases. R. W. Goss. 

For the past 4 years tests have been made of the ability of various species of insects 
to transmit different virus diseases of the potato. The work was conducted in the field 
with caged or partially caged plants of the Triumph variety. Owing to the frequent 
lack, or the masking, of current season symptoms, the results were obtained by indexing 
in the greenhouse and replanting in the field. Transmission of both spindle tuber and 
unmottled curly dwarf was obtained with grasshoppers, Melanoplus spp.; flea beetles, 
Epitrix cucumeris and Systena elongate; tarnished plant bugs, Lygus pratensis; and 
Colorado potato beetles, Leptinotarsa decemlineata. Spindle tuber was also transmitted 
by the leaf beetle, Disonycha triangularis. Less than 1 per cent of the uncaged control 
plants became infected with any of the virus diseases under study. A small number of 
tests using Melanoplus spp., E. cucumeris and L. pratensis with rugose mosaic, mild 
mosaic, and leaf roll were negative. All insects were fed on healthy plants before being 
used in the tests. By this means, it was found in a small number of instances, that 
E. cucumeris, L. pratensis , and Melanoplus spp. were carrying the virus of spindle tuber 
when collected. 

Relation of Jimson weed to certain viruses of tomato and potato. R. W. Samson. 

Two virus diseases of Jimson weed have been differentiated. The virus of the 
milder type closely resembles the virus (B of Fernow, mottle of Johnson) found in 
apparently healthy potatoes and can be obtained from this source. The virus of the 
more severe type produces more severe symptoms in tomato than that of the mild type, 
but resembles the latter in producing streak when inoculated into mosaic tomato plants. 
It has been transmitted to and recovered from 9 solanaceous species, including potato 
seedlings, without loss of virulence. It has not been found in uninoculated potatoes of 
standard varieties. It somewhat resembles the virus of Johnson's spot necrosis or 
rugose mosaic. Both of these Jimson-weed viruses have survived 80 days aging in vitro 
in tomato juice at 10° C. When the tomato-streak-virus complex is passed through 
Jimson weed the tomato-mosaic virus is not recovered. The latter produces only local¬ 
ized lesions in Jimson weed. 

Effect of pressure in spraying potatoes with Bordeaux for control of leaf hoppers and 
aphis. C. F. Taylor and F. M. Blodgett. 

In connection with numerous spraying experiments using Bordeaux 5-5-50 in which 
different pressures were being compared throughout the season, quantitative records were 
taken of some of the diseases and insects present. The most interesting, from the 
standpoint of spread of virus diseases, were perhaps the opposite effects of the spray 
on the leaf hoppers and aphis. In respect to leaf hoppers, tip-burned leaflets per plant 
were counted on arbitrarily selected plants. There were most hopper-burned leaves on 
the unsprayed plats (average 163 per plant). At 200 pounds pressure there were 80 
less and at 300 pounds 98 less than on the check. At 400 pounds pressure there was 
an average of 62 less than at 200 pounds. The aphis, however, varied consistently and 
significantly in the opposite direction. At 200 pounds pressure there were 41 more, at 
300 )>ounds 62 more, and at 400 pounds 72 more than on the unsprayed, which averaged 
20 per plant. Leaf roll plants found in one field averaged 81 more hopper-burned 
leaflets per plant than healthy plants. Similar differences in tip-bum between leaf xoll 
and healthy plants appeared on sprayed and unsprayed, though the total was greater 
on the unsprayed. 



1930] 


Abstracts 


137 


method of recording the distribution of copper dusts or sprays on leaves. F. M. 

Blodgett and E. O. Mader. 

During the past season a method of recording the distribution of copper on sprayed 
or dusted leaves, which may be used to supplement quantitative methods, was devised. 
Such a method was sought as an aid in testing the effect of different nozzles, spray - 
booms, pressures, and methods of dusting as they affect distribution of copper mem¬ 
branes on the plant. In brief the method is as follows: An iron-free paper is thoroughly 
wetted in a solution containing about 2 per cent potassium ferrocyanide and 5 per cent 
acetic acid. The paper is used while moist but without excess water. The selected 
sample of leaves, after wilting, is laid out on one sheet of this paper and covered with 
another. These are placed between pads of cotton in a strong press, such as an old- 
fashioned letter press. Medium pressure is applied. After about ten minutes the sheets 
are removed and washed in running water to remove excess chemicals. When dried these 
sheets form a permanent record. Areas of the leaves covered by copper are represented 
by brown areas on the paper, while iron, if present, will be represented by blue. 

American and European leaf roll of potatoes . H. M. Quanjer and D. L. Elze. 

As phloem necrosis occurs in Dutch potato varieties suffering from leaf roll only 
in the veins and stalks, but in American varieties as a first-season tuber symptom (net 
necrosis Schultz, Folsom, Gilbert) the question of identity arises. 

Apparently healthy tubers of Green Mountain, and healthy tubers of Dutch varieties, 
were planted alongside leaf-roll tubers of Dutch origin. Symptoms of primary leaf roll 
developed in the plants exposed to infection. In the Dutch varieties phloem necrosis 
was found only in veins and stalks, whereas in Green Mountain the new tubers also 
showed phloem necrosis. This was the first case of net necrosis observed by the writers. 

American leaf roll has been transmitted by insects from diseased Green Mountain, 
Bural, and Irish Cobbler potatoes received from the IT. S. A. to the Dutch varieties 
Duke of York, Paul Kruger (President), and Red Star in which phloem necrosis 
appeared only in the foliage, not in the tubers. This would seem to prove the identity 
of leaf roll in Europe and America. 

Phloem necrosis in leaf-roll tubers of Dutch varieties can be demonstrated by allow¬ 
ing buds of the rose end to grow out into rootless shoots, and buds of the lieel end to 
form roots. In the mother tuber, functioning as a stalk, secondary xylem and phloem 
develop, and in the primary-phloem strands necrosis can be observed. 

‘ * Pseudonetnecrosis *' of the potato. H. M. Quanjer, T. H. Thung, and D. L. Elze. 

In some strains of the variety Red Star an internal parenchyma necrosis is found 
as numerous brown spots inside and outside the xylem ring. It is transmitted by seed 
tubers to the progeny. It infects neighboring plants in the field. It has been trans¬ 
mitted by the aphid Mysus persieae from Red Star to Duke of York. No foliage symp¬ 
toms are combined with it. Atanasoff, comparing it with some of the earlier figures of 
* * netnecrosis , y * identified it with this American disease, and, finding it in potato plants 
infested with Aucuba mosaic also, considered it as a tuber symptom of this disease. 
Through the courtesy of Dr. Murphy the Suttons Early Regent variety was received 
with Ancuba mosaic, free from pseudonetnecrosis. It was later found by the present 
authors in several varieties which were free from Aucuba mosaic. It develops during 
storage, the more quickly the higher the temperature. Potato varieties differ in sus¬ 
ceptibility—Paul Kruger (President) is very susceptible, showing the necrotic spots on 
the outside of the skin. A similar disease haB been described by Fruwirtli as “erbliche 
Eisenfleckigkeit” in Austrian seedling varieties. On account of its late development 
the transmission by seed tubers may escape attention. 



138 


Phytopathology 


[Vol. 20 


Microscopic investigation of “pseudonetnecrosis 99 and “Kringerigheid" of the potato. 
L. C. P. Kerling. 

The first-named disease is transmitted by seed tubers; the second occurs on certain 
soils only, enters during growth and manifests itself on the cut surface as concentric 
brown rings with the center at some point of the skin, often a lenticel, and is not trans¬ 
mitted by seed tubers. The rings are composed of necrotic cell groups, which resemble the 
necrotic cell groups found inside and outside the xylem in * * pseudonetnecrosis . 9 9 

In the necrotic cells the starch grains are fixed in a brown mass, consisting of a 
membrane, surrounding each individual grain and membranous deposits filling the spaces 
between the grains. These deposits are connected with the browned cell wall. After 
treatment with reagents they behave as suberised, lignifled and pectic substances; the 
cell walls withstand the action of Jeffrey’s fluid and Eau de Javelle better than the 
deposits; the deposits take the color of methylene blue, which leaves the cell walls 
unstained. Treatment with caustic potash decomposes the membranous deposits and 
shows them to be fatty products of the protoplasts. 

The tissue surrounding the necrotic spots reacts as potato tissue always reacts in 
wounds; a wound phellem presses against the necrotic cells, it is surrounded by a wound 
phellogen, this in turn by a wound phelloderm. This reaction tissue iB more fully devel¬ 
oped in Kringerigheid, since this disease proceeds more rapidly. 

Diseases of the streak type in potatoes. H. M. Quanjer and J. G. Oortwijn Botjes. 

Core grafting has revealed the presence of different diseases of the Btreak type: 

1. Stipple streak (Atanasoff). Spots and streaks in foliage and stalks; superficial 
necrosis in neighborhood of eyes and in eyes, causing ‘ ‘ blindness . 9 9 Showing as result 
of grafting with the carrier Zeeland Blue in Paul Kriiger (President), Duke of York, 
Green Mountain and Noordeling; semilatent, resembling more or less crinkle (Murphy) 
and rugose mosaic (Schultz and FolBom), without tuber symptoms, in Bravo and Bose 
No. 4; resembling mild mosaic in Eigenheimer; latent in Zeeland Blue and two other old 
Dutch varieties. Bed Star and a seedling of Bed Star, on grafting with Zeeland Blue, 
behave as symptomless or nearly Bymptomless carriers. 

2. Stipple streak in May Queen. Spots with strong indentations surrounding veins, 
scarcely any streaks, no tuber symptoms. Grafted on President it resembles streak, 
however without tuber symptoms. 

3. Stipple streak in Noordeling. Milder, causing less leaf drop than stipple streak 
(Atanasoff). Grafted on Bravo a milder type of crinkle is produced than mentioned 
under 1. 

4. Stipple disease . Spots more rounded, appearing later in the season, milder than 1, 
no tuber symptoms in Duke of York and Paul Kruger. 

Top necrosis in the potato. J. G. Oortwijn Botjes and H. M. Quanjer. 

Core grafting has revealed that some American and Scottish varieties and some 
strains of Dutch varieties are carriers of diseases causing strong necrosis chiefly in tops 
of plants, necrotic spots in pith and cortex, sometimes superficial necrosis of eyes, and 
always extended internal necrosis in tubers. Different diseases of this type exist. 

1. Fellow dwarf, according to Barrus and Cbupp, shows these symptoms in Green 
Mountain. In the cool climate of Holland the disease remains latent. 

2 . Top necrosis latent in Green Mountain. Grafting on Paul Kruger (President), 
Bravo, Bed Sta^ Bevelander and Kerr’s Pink produces top necrosis and necrosis of 
eyes and all other symptoms mentioned above; semilatent in Zeeland Blue, resembling 
mild mosaic; probably the tame ditaase as found by Schultz (Science 62: 57). 
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3. Top necrosis latent in Duke of York . Grafting on Bravo, Red Star and Industry 
produces top necrosis; necrosis of eyes less evident; for the rest, complete foliage and 
tuber symptoms as described above; semilatent in Zeeland Blue, resembling mild mosaic. 

4. Top necrosis latent in Monocraat and some strains of Bed Star . Grafting of 
Monocraat on Zeeland Blue, Eigenhcimer, or Duke of York via Eigenkeimer reveals 
presence of top necrosis. No necrosis of eyes; for the rest, complete symptoms. Graft¬ 
ing with some strains of Red Star produces the same disease in Zeeland Blue, Paul 
Kruger, a seedling of Red Star, and Industrie. (Potatoes from abroad through courtesy 
of Dr. Murphy, Dr. Schultz and Dr. Fernow.) 

Dry rot of corn caused by Diplodia frumenti and three morphologically related species. 

A. H. Eddins. 

Diplodia frumenti causes an ear and stalk rot of com in Florida. The dark brown 
mycelium of this fungus penetrates the cob, kernels, husks, and stalks. Invaded kernels 
and husks of severely molded ears, as well as the pith of stalks, are blackened. Pycnidia 
are found on the stalks at nodes and internodes, in the interior of kernels, and embedded 
in stromatic masses of mycelium on the ears and husks. 

Diplodia natalcnsis , D . tubericola, and D. gossypina also cause a dry rot of ears if 
they are artificially inoculated when in the dough stage. The symptoms of the ear rots 
caused by these species are similar to those caused by D. frumenti , The four organisms 
cannot be distinguished from each other in their imperfect stages, and they resemble 
each other in their nutritional reactions, temperature relationships, and growth on media 
of different hydrogen-ion concentration. They also produce the same type of rot in 
oranges, grapefruits, sweet potatoes, and watermelons. 

Factors affecting the development of the accial stage of Fuccinia graminis . Ralph U. 

Cotter. 

Under suitable conditions teliospores of Fuccinia graminis may remain viable at least 
a year and a half. That they do not necessarily germinate during early spring rains 
before barberry leaves have unfolded is indicated by the fact that spores kept wet for 
264 hours still were capable of causing infection. Temperatures of 12-21° C. were most 
favorable for the combined processes of infection and production of aecia. Infected bar¬ 
berries kept at 0° C. for three weeks developed pycnia when the temperature was raised 
to 18-20° C. Freezing killed infected barberries before it killed the rust. The minimum 
length of time necessary for infection by teliospores was 21 hours. On Berbcris vulgaris 
infection may occur on the leaves, stems, spines, petioles, sepals, and berries. Leaves of 
B. aetnensis remained susceptible 36 days after they unfolded and those of B. vulgaris 
12 days. Aeciospores still may be discharged 37 days after the aecia have formed and 
may cause infection 46 days after the appearance of the aecia. More than one physio¬ 
logic form may be isolated from a single aecial cup. (Cooperative investigations between 
Office of Cereal Crops and Discuses, Bureau of Plant Industry, U. S. Department of Agri¬ 
culture, and Minnesota Agricultural Experiment Station.) 

The presence of mycelium of Peronospora schleideni in the flowers of Allium cepa. H. 

T. Cook. 

The frequent occurrence of onion mildew on onions gTown on new muck soil in New 
York State, the uniform distribution of affected plants in the field at the time the first 
signs of disease appear, and the fact that the seed crop is often attacked indicate that 
the fungus may be carried in the seed. Evidence supporting this was obtained in the 
summer of 1928 when Peronospora schleideni was found fruiting on the seed Btalk and 
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flower pedicels of an onion. Sections showed that the seed stalk was permeated with 
mycelium which could be traced through the pedicels into the various parts of the flower. 
It was definitely identified as the mycelium of Peronospora schleideni when it was found 
connected with the conidiophores on the pedicels. The mycelium was found in abundance 
in the petals, stamens, ovary, and ovules of the flowers. Its presence in the ovules indi¬ 
cates that it is also present in the mature seed. 

A bacterium antibiotic to Ustilago zeae . R, H. Bamberg. 

The writer isolated from corn plants inoculated but not infected with Ustilago zeae 
in the field at St. Paul, Minnesota, a bacterium that prevents normal infection and also 
destroys colonies of the smut fungus growing on artificial media. When corn was inocu¬ 
lated with certain lines of U. zeae f approximately 70 per cent of the plants became nor¬ 
mally infected, but infection was almost entirely prevented when the bacterium was added 
to the inoculum, incipient or abortive galls only being formed on a few plants. The 
bacterium also may destroy smut galls after they have been formed. 

Colonies of U. zeae on artificial media were almost completely destroyed 10 to 14 
days after inoculation with the bacterium, which apparently caused the disintegration of 
the sporidia. The bacterium also inhibits the development of colonies of U. avenae, U. 
levis, Sorosporium reilianum, and Tilletia tritici. The presence of the organism itself 
seems necessary to produce the deleterious effect, filtrates so far having proved innocuous. 
The writer tried many other bacteria but they had no effect. 

The relationship of Bacterium medicaginis phaseolicola and Bacterium puerariae . 

Florence Hedges. 

Cross inoculations with pure cultures of Bacterium medicaginis phaseolicola and Bad. 
puerariae have resulted in the production of typical kudzu halo spot and bean halo blight, 
confirming the suspicion of the writer that we are here dealing with one organism instead 
of two. 

Successful cross inoculations have likewise been obtained by Boyd, who, however, 
did not use pure cultures but an inoculum obtained by soaking diseased leaves in water 
for 2 to 5 hours. 

The name Bad. medicaginis phaseolicola (Phytomonas medicaginis phaseolicola) was 
published in Phytopathology, December, 1926; that of Bad. puerariae in Phytopath¬ 
ology, January, 1927; hence the latter becomes a nomen nudum. 

Before the publication of the second paper on Bad. puerariae the writer had discov¬ 
ered bean halo blight in the west and, because of the striking similarity in the symptoms 
of the two diseases and the organisms associated therewith, she suspected a common cause. 
At this juncture she was by no means sure that the western bean disease was identical 
with the one described by Burkholder in New York as due to Bad. medicaginis phaseo - 
Hcola, since his description gave a considerably different picture from that exhibited by 
the western fields. Hence the name Baot. puerariae was allowed to stand pending further 
investigations. 

In the*mea^time, recent experimental work and more extensive field surveys, includ¬ 
ing observations on Burkholder’s bean plots at the Cornell Experiment Station, have left 
no doubt that the halo blight of bean in the west, middle west, and south and kudzu halo 
spot are identical with the New York disease of bean due to Bad. medicaginis phaseo - 
licola Burkholder. 
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An albino strain of Aplanobacter michiganense . Mary K. Bryan. 

A pure-white strain of Aplanobacter michiganense has been separated from three 
different isolations at various times. The loss of color is permanent on culture media. 
Inoculations on tomatoes with this strain have produced typically diseased plants from 
which the white organism has been reisolated. This strain, which is Gram-positive and 
non-motile, agrees with A . michiganense in all of the cultural tests made. 

Effect of ultra-violet radiation upon sporulation in Macrosporium and Fusarium . G. B. 

Ramsey and Alice A. Bailey. 

Definite stimulation of spore production occurs in cultures of Macrosporium tomato, 
and of Fusarium cepae on exposure to ultra-violet radiation produced by a quartz-mercury 
arc. Increased sporulation appears to be a result of stimulation rather than an indirect 
result of inhibitory action. Greatest sporulation occurs when filters are used the lower 
limits of transmission of which are between 2535 and 2800 Angstrom units. Lethal 
effects appear with shorter wave-lengths. Slight stimulation results when filters trans¬ 
mitting no lower than 3120 A. IT. are used, but none with those transmitting only 
to 3334 A. U. Great increase of sporulation occurs with irradiations of 15 to 30 min¬ 
utes. Stimulation of spore production is not due to changes of temperature nor to change 
of the culture medium as a result of irradiation. Long exposure to intense direct sun¬ 
light through filters transmitting no lower than 3120 A. U. induces abundant sporulation. 
However, the experiments with the mercury arc tend to show that the difference 
in amount of sporulation under Vitaglass (transmitting to 2650 A. U.) and under filters 
transmitting as low as 3020 to 3120 A. U. is not due solely to a difference in intensity 
in this region but to a difference in the total energy transmitted. 

Standardization technique in certain virus studies. B. M. Duogar. 

Crude juice from mosaic-diseased or healthy tobacco leaves pressed out or filtered 
through cotton or filter paper contains a variety of particles which interfere with many 
operations. Adsorption studies with the virus of typical tobacco mosaic have suggested 
proximate methods of purification by icmoval of these grosser particles. A diatomaceous 
trade pi ep* ration called supercelite has proved exceptionally valuable in purification tech¬ 
nique; and, in connection with fractional dilution, the use of this substance has become 
a standard procedure. 

Thermal inactivation tests, rendered increasingly more necessary owing to the use of 
temperature as a criterion in distinguishing certain forms of mosaics, have been stand¬ 
ardized by the use of a more adequate direct immersion method and glass capillaries. 

Stomatal infection with the virus of typical tobacco mosaic. Burt Johnson and B. M. 

Duggar. 

Extensive series of experiments have been made with the view of determining the 
conditions limiting stomatal infection in tobacco mosaic. The experiments were con¬ 
ducted both in the greenhouse and in an insect-proof tent in the field. In order to secure 
data on any possible correlations between the diurnal movements of the stomata of the 
host and the production of disease, applications of the virus were made by means of an 
atomizer, lots of 10 plants being sprayed hourly throughout the day in two series. Rec¬ 
ords of general weather conditions, temperature, and humidity were taken. At the time 
of each spraying strips from both the upper and the lower epidermis were removed and 
placed in absolute alcohol. Subsequent study of the stomatal conditions indicated that 
all stomata are never completely closed, and that the stomatal diurnal movements are not 
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correlated with the environmental conditions within the limits employed. Moreover, the 
percentage of disease production is not correlated with these environmental changes nor 
in any way related to the time of day at which sprayings were made. An outstanding 
feature of these results is the high rate of infection through the stomata as entrance 
channels, presumably. The incidence of disease averages about 80 per cent. 

The effect of some mosaic diseases on the cell structure and the chloroplasts. Melville 

T. Cook. 

Studies on the sugar cane and tobacco mosaics have been continued, together with 
the mosaic diseases of tomatoes, cowpeas, Ahutilon hvrtum, and canna. Tissues from 
chlorotic and green areas of diseased leaves were compared with tissues from normal 
leaves of approximately the same age. These studies confirm the statements made by 
many writers that the chlorotic areas are thinner than the green areas or than normal 
green leaves of the same age, the palisade is undeveloped, the mesophyll is reduced, and 
the cells compact. These modifications vary with the severity of the attack and the 
development of the tissues at time of attack. It is due to inhibition. 

The chloroplasts in the chlorotic areas are reduced in size and number in the very 
young leaves but increase in size and number with age and exposure to sunlight until 
the patterns almost or completely disappear. This can be traced in sections made fiom 
a series of leaves beginning with the very youngest in which it is possible to detect the 
pattern. This appears to be due to inhibition and not to disintegration as stated by 
many writers. In the case of the Ahutilon hirtum there is little or no tendency for the 
chloroplasts to become normal and the chlorotic areas do not become green. 

Physiologic forms of harley mildew , Erysiphe graminis hordei. E. B. Mains and S. M. 

Dietz. 

It has been shown by Marclial, Reed, and Salmon that the powdery mildew of barley 
is restricted to a few closely related species of Hordeum such as H. vulgare , H. inter¬ 
medium, S . distichon , and E. difeciens. These studies have resulted in discovering a 
number of very resistant varieties in these species of Hordeum. Using such varieties, 
five physiologic forms of the mildew have been differentiated. Thus Nepal C. I. 595 is 
resistant (type 1-2) to physiologic form 1 and susceptible to the other four physiologic 
forms. Peruvian C. I. 935 is resistant (0-1) to physiologic forms 1, 2, and 4 and sus¬ 
ceptible (4) to physiologic forms 3 and 5. Black Hulless C. I. 666 is resistant (1-2) 
to physiologic forms 1 and 2 and susceptible (3-4) to physiologic forms 3, 4 and 5. 
Goldfoil C. I. 928 is highly resistant (0) to physiologic forms 1, 2, 3, and 4 and suscep¬ 
tible (4) to physiologic form 5. A number of varieties were found to be resistant to all 
five of the physiologic forms. 

Physiologic specialization in Sphacelotheca sorghi . L. E. Melchers, C. H. Ficke, and 

C. O. Johnston. 

Three years’ data on varietal reaction of sorghums to covered kernel smut prove the 
occurrence of at least 8 physiologic forms qf that organism. Eighty varieties, selections, 
and hybrids, representing the principal groups of sorghum have been used. 

Varieties of kafir, sorgo, broomcorn, and 'kaoliang, as well as miscellaneous sorghums, 
are attacked by all 3 physiologic forms. Form 1 does not attack milo, hegari, and feter- 
ita. Form 2 attacks milo and hegari, but not feterita. Form 3 attacks feterita and 
• certain feterita hybrids, but not milo. Certain Red Amber X feterita hybrids and Spur 
feterita have not yet been attacked by any of the three forms. 
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Twenty-three varieties show definite differential reaction and have been arranged in 
seven groups; viz., one group attacked by all 3 forms; one group attacked by only form 
2; one group resistant to all 3 forms; one group susceptible to forms 1 and 3 and resis¬ 
tant to form 2; one group resistant to forms 1 and 2 and susceptible to form 3; one 
group susceptible to forms 1 and 2 and resistant to form 3; and one group resistant to 
form 1 and susceptible to forms 2 and 3. These groups have been arranged in a dicho¬ 
tomous key for the identification of physiologic forms of covered kernel smut. (Coopera¬ 
tive investigations by the Kansas Agricultural Experiment Station and the Office of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture.) 

Stem rust infection of Khapli emmer and Hope wheat in Peru . E. V. Abbott. 

The results of field experiments with Khapli emmer and Hope wheat during 1928 
and 1929 have shown that these varieties are susceptible to Puccinia graminis tritici in 
Peru. When grown in an isolated field Khapli matured with only a trace of stem rust, 
but when exposed to heavy inoculation by planting near more susceptible common wheats 
100 per cent of the plants in one-tenth-acre plots rusted. Although the individual rust 
pustules were relatively small, they were often so numerous on the culms as to coalesce 
and cause complete girdling. 

Hope rusted more heavily than Khapli, numerous pustules appearing on the culms, 
necks, leaf bases, glumes and awns. Many culms broke when the kernels were still in 
the milk stage, and the kernels from heads that matured were badly shrivelled. 

Although weather conditions during the growing season were very favorable for rust 
infection, it is not believed that such high virulence can be attributed to this factor alone. 
In the laboratory the twelve differential hosts of Stakman and Levine have proved sus¬ 
ceptible when artificially inoculated. It is concluded that a new and virulent form of 
Puccinia graminis tritici exists in Peru. 

Physiologic sp( ciahzation in Puccinia coronata arenae. H. C- Murphy. 

Single-urediniospore isolations were made from 45 collections of crown rust, Puccinia 
coronata avenae of which 32 were collected on Avena and 13 on Bhamnus. These cul¬ 
tures were each grown on pure-line selections of 33 varieties and species of oats. Eight 
of these, acting as differential hosts, disclosed the following 9 physiological forms: 

Belar—resistant 

Bed Bustproof C. I. 1079—resistant 

College Algerian C. I. 2052—resistant 
College Algerian C. I. 2052—susceptible 
Red Rustproof C. I. 1079—susceptible 

Cowra—resistant, form IX; Cowra susceptible 

Belar—susceptible 

Iowa No. 69—resistant; Avena strigosa — resistant 

Anthony C. I, 2143—resistant form IY; Anthony C. I. 2143— 
susceptible form II 

Avena strigosa — susceptible form I 

Iowa No. 69—susceptible 

Iowa No. 102—resistant, form YI; Iowa No. 102—susceptible form V 

The 13 aecial collections on 5 different species of Bhamnus represented the following 
physiologic forms: All 4 collections from Bhamnus cathartica, form III; all 6 from 
B. lanceolate, form V; one each from B. tinctoria, B. montana , and B, infectoria were 


form ITT 
form VIII 

form YII 
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forms VII, VIII, and IX, respectively. Forms III and V from Bhamnus and I, III, and 
V from Arena occurred most frequently. Form V was the most widespread and virulent, 
none of the varieties, pure-line selections, or species being resistant to it. Form I pre¬ 
dominated in the Southwestern States. (Cooperative investigations between Iowa Agri¬ 
cultural Experiment Station and Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture.) 

Dissociation* and associations in some strains of Fusarium moniliforme . Leon H. 

Leonian. 

Numerous strains of F, moniliforme were isolated from corn plants showing symp¬ 
toms of root rot. Inoculation experiments indicated that these strains possess varying 
degrees of pathogenicity. After making a single-spore culture from the most virulent 
of these strains, an attempt was made to dissociate it into as many variants as possible 
in order more fully to study its scope of fluctuability. As a result of this, some fifty 
variants were separated from this one strain. After discarding the less-distinct types, 
there still remained 25 variants easily distinguishable from one another by macroscopic 
appearance and often by their degree of pathogenicity. The stability of the types was 
found to be only relative and highly variable, as a given variant would split into new 
types or revert to the original without any system or regularity. When artificially mixed 
in petri-dish cultures, usually a perfect blend followed, and colonies resulting from these 
artificial reassociation duplicated the natural dissociation types observed in plate cul¬ 
tures. When a purple form of these variants was mixed with an orange form, the latter 
representing a different isolation and undoubtedly a separate strain, often a perfect blend 
resulted and it required selection for several generations before the types segregated in 
pure form. In one instance the blending was so perfect as to produce intermediate and 
new types not observed before. So far these new types have retained their characteristics 
despite selection continued for generations. 

A physiologic form of Ustilago striaeformis parasitising orchard grass . W. H. Davis. 

TJstilago striaeformis which causes leaf Bmut of timothy has been reported as para¬ 
sitizing both orchard grass and timothy. However, it is not known whether the smut 
organism which parasitizes these two hosts is one physiologic form, as commonly believed, 
or a composite species of two physiologic forms. 

This investigation was undertaken to solve: 

1. Will chlamydospores removed from orchard grass, after-ripened and germinated, 
infect seedlings of timothy (Phlcum pratense) ? 

2. Will chlamydospores removed from timothy, after-ripened and germinated, infect 
orchard grass? 

It is to be noted that reciprocal inoculations with chlamydospores of JJ» striaeformis 
from the two grass hosts failed to show infections, while inoculations within the host 
Species produced the disease and that the smut organism parasitizing orchard grass is a 
physiologic form differing from that parasitizing timothy. 

Physiologic specialisation in Phlyctaena linicola. H. A. Kodenriser. 

Phlyctaena linicola Comprises several physiologic forms. Four forms have been 
isolated frdmT flax grown in different localities* in Minnesota and many more have been 
isolated from sectors that appeared in colonies on artificial media. Colonies of mono- 
sporidial lines cell be distinguished by color, topography, surface, consistency, type of ~ 
margin, the degree tp which they produce conidia and by differences in the amount of 
growth at different temperatures. 
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Five varieties of flax were inoculated in the greenhouse with 4 culturally distinct 
monosporidial lines but there were no observable differences in pathogenicity. In the 
field, however, there were differences in the degree of infection caused by a monosporidial 
line which produces conidia abundantly, and by another which arose as a sector in a 
growth therefrom. The range of susceptibility to pasmo in a large number of flax 
varieties and selections was very wide. (Cooperative investigations between Office of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, 
and Minnesota Agricultural Experiment Station.) 

Physiologic specialization in Puccinia triticina in Holland. 8. J. Weu^ensiek. 

Among collections of the orange leaf rust of wheat from 5 different localities in 
Holland, physiologic forms 11, 14, and 15 were evidently found to be present. Form 
11, therefore, seems to be widespread, both in U. 8. A. and in Europe, while the other 
forms of Mains and Jackson seem to be restricted to U. 8. A. and Scheibe’s forms to 
occur widely distributed in Europe. 

The wheat varieties usually grown in Holland were all found to be moderately to 
highly susceptible to all 3 physiologic forms occurring in Holland. Some of the foreign 
varieties, however, gave a negative reaction with these 3 forms. Breeding for rust 
resistance, therefore, must be done by crossing foreign varieties with the Dutch ones. 
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FUNGICIDAL EFFICIENCY OF CHEMICAL DUSTS 
CONTAINING FURFURAL DERIVATIVES 

C. S. Reddy* 

Uppal (9), in toxicity studies, showed that the furyl radical was no more 
toxic than an alkyl radical; and Flor (1), in preliminary studies, found 
that furfural in dilute solutions offered little promise as an effective 
fungicide. However, the latter author found that certain organic metallic 
salts derived from furfural showed high lethal action on fungous spores. 
Howe and Cation (3) showed that furfural had exceptional properties as 
a wood penetrant. Recent investigations (2, 6, 7, and 8) also have shown 
that certain organic compounds of mercury, in comparison with previous 
standard seed disinfectants, were mild in their action on the host, but ef¬ 
ficient in the control of some of its seed-borne diseases. 

These investigations led to a study of furfural as a source of organic 
radicals for metallic compounds, and the applicability of these compounds 
containing the furan ring as seed disinfectants for the control of corn 
diseases. 

METHODS 

Preliminary tests quickly showed that the most promising furfural 
materials were those containing mercury. Compounds of this type em¬ 
ployed by the writer were mercury furoate, mercury furacrylate, mercury 
dithiofuroate, and others, made by definite procedures, of which the exact 
compositions were not determined. These toxic reagents were diluted with 
such fillers as asbestine, calcium carbonate, atomic sulphur, Kieselguhr, and 
talc. 

The compositions of the fungicides studied are: 

A1 —I per cent mercury furacrylate + 96 per cent talc. 

A2 —4 per cent mercury furacrylate + 25 per cent sodium furoate + 71 

per cent talc. 

A4 —8 per cent mercury furacrylate + 92 per cent talc. 

1 Research Fellow, Crop Protection Institute, 1927, on utilization of furfural prod¬ 
ucts as seed disinfectants, stationed at the Plant Pathological Laboratories, under the 
direction of Dr. I. E. Melhus, Iowa State College, Ames, Iowa. 
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A6 —8 per cent mercury furacrylate + 25 per cent hydrofuramide + 67 

per cent talc, 

A*4 —24 per cent copper furacrylate + 76 per cent talc. 

B1 —4 per cent mercury furoate + 96 per cent talc. 

B4 —8 per cent mercury furoate + 25 per cent sodium furoate -t- 67 

per cent talc. 

B*2 —10 per cent copper furoate + 20 per cent sodium furoate + 70 

per cent talc. 

B*5 —10 per cent copper furoate + 5 per cent arsenous acid + 85 per 

cent talc. 

D5 —5 per cent Paris green + 13 per cent furfural precipitated on 72 

per cent talc by ammonia +10 per cent sodium furoate. 

E2C —10 per cent toxic reagent on talc made as follows: 100 cc. fur¬ 
fural were treated with 25 gm. sodium hydroxide and 90 cc. 
water. When the reaction was completed, 40 cc. ammonium 
hydroxide were added and the mixture was allowed to stand 
over night. Seven hundred and twenty gm. talc were sus¬ 
pended in 6 liters of water and the preceding mixture was 
added. With constant stirring, 80 gms. mercuric chloride 
dissolved in water were added and the talc and precipitate 
were allowed to settle. The supernatant liquid then was de¬ 
canted. What remained was dried and pulverized. 

E2C + —Same as E2C except that the mercuric chloride was increased 
to 100 gm. 

E3 —5 per cent, toxic reagent (same as toxic reagent in E2C) - 10 

per cent sodium furoate + 85 per cent talc. 

G1 —Experimental dust G1 was made by uniting HgCl 2 , hydrofura¬ 

mide, and an i$ert filler such as talc. In the following ex¬ 
periments, it was made as follows: 10 grams hydrofuramide 
dissolved in acetone were added to 100 gms. talc and mixed. 
Twelve grams HgCl 2 dissolved in acetone were added, mixed, 
dried, and pulverized to such fineness as to adhere evenly to 
seed com. 

G3 —same as G1 but has, in addition, 10 per cent sodium furoate. 

G7 —Half strength of G1 +10 per cent sodium furoate. 

G8 —One-half strength G3 + 5 per cent hydrofuramide. 

67 —10 per cent mercuric chloride + 90 per cent of a mixture of fur¬ 

fural precipitated on Kieselguhr by ammonia. 

Hereafter, these fungicides will be referred to by the designation pre¬ 
ceding each fungicide, as shown above. 

The first consideration in these studies was to obtain a large number 
of known compounds derived from furfural, especially those containing 
metals that <yere not too qygensive to be used as seed-treatment materials. 
To this number were added similar compounds made by the writer. The 
latter compounds had certain advantages over the former in that they were 
made for a particular use, could be precipitated directly on the filler in 
the process of makui^^and were sometimes previously unknown compounds 
that were easily made. 
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In order to determine whether or not the radicals derived from fur¬ 
fural had special merit, they were compared with similar compounds hav¬ 
ing other organic radicals. The initial experiments were, for the most 
part, simple biological tests conducted by means of a constant-temperature 
germinator containing sand trays measuring 20 inches x 20 inches x 3 inches 
each. One-half inch of sand was spread on the bottom of each tray and 
covered with a musin cloth. The sand and cloth were made moderately 
wet and the corn was laid on the cloth in rows with the germ side up. 
Glass was placed on the top of each tray to retard loss of moisture and as¬ 
sure germination in a saturated atmosphere. Many materials were elimi¬ 
nated, because these simple tests showed that the development of Diplodia 
zeae (Sehw.) Lev. on corn seed was not inhibited by them. 

In the subsequent preliminary experiments, except for a few semifinal 
tests in soil in the greenhouse, extensive use was made of the visible-root 
sand-culture method (5). In these trials 44 nearly disease-free'* seed and 
seed naturally infected with Diplodia zeae were used. 



Fig. 3. Seedlings fiom the sand tiay geinnnator grown fiom Diplodia infected seed corn. 
A, nontreated; B, ticated with G1 dubt fungicide. 


The purposes of the preliminary experiments were to eliminate a large 
number of the less suitable disinfectants from expensive field trials and to 
determine approximately the proper strengths of the disinfectants that were 
to be tested further. In fact, careful manipulation of the preliminary 
biological tests seemed to be the most important phase in the development 
of this new seed disinfectant. 

By using the “visible-root sand-culture method,’’ conditions surround¬ 
ing the germination and growth of the seedlings were largely controlled 
and it was possible at all times to note the correlation between the presence 
of disease or injury by the disinfectant and the amount of vegetative 
growth above the soil. (Fig. 1.) The final test to determine the most ef- 
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fective seed corn disinfectants was by comprehensive field experiments in 
which field stands and yields were recorded. Experiments were conducted 
at 15 separate places in Iowa and two in Illinois, so that the effects of the 
fungicides were measured under many conditions of corn growth. At 
Ames, Iowa, a typical experiment with each lot of seed consisted of ten 
replications of a 30-hill row planted with treated seed paired with 30-hill 
rows planted with nontreated seed. In each experiment, the number of fun¬ 
gicides was someaimes increased to nine without increasing the number of 
control rows. Experiments were conducted on several strains of com, 
some of which were separated into lots predominantly infected with each 
of the dry-rot organisms, namely, Diplodia zeae, Oibberella saubinetii 
(Mont.) Sacc., and Basisporium gallarum M. Moll. Planting was by means 

TABLE 1.— Effect of a mixture of sodium furoate and fur fury l alcohol in different dilu¬ 
tions on the germination, presence of fungi, and the subsequent growth 
of the diseased seed com. Ames, Iowa, 1927 


Ratio of 
mixture* 
to water 

Approximate 
ratio of fur¬ 
fural to water 

Percentage 
of germi¬ 
nation 

Percentage of 
kernels with 
fungi present 

Condition 

of 

seedlings 

Check 


90 

70 

normal 

Check 

.. 

100 

90 

normal 

Check 

...._ 

90 

90 

normal 

1:0 

1: 1 

0 

100 

none 

1: 1 

1:3 

0 

100 

none 

1: 3 

1: 7 

0 

70 

none 

1: 7 

1: 15 

80 

0 

weak 

1:15 , 

1: 31 

100 

0 

very strong 

1: 31 

1: 63 

100 

0 

normal 

1: 63 

1: 127 

90 

50 

normal 

1:127 , 

1: 255 

! 100 

50 

normal 

1:255 

1: 511 

I 100 

50 , 

, normal 


i i 


»100 cc. furfural, 100 cc. water, and 30 gm. sodium hydroxide. 

of hand planters, and, to insure uniformity, the kernels were counted for 
each hill. 

The importance of reducing the number of fungicides used in field ex¬ 
periments will be appreciated when it is stated that, even after eliminations, 
16 acres were planted at,Ames in 1927 and 22 acres in 1928. 

EXPERIMENTAL RESULTS 

Laboratory experiments. The mixture of compounds obtained fronf 
furfural by medh&of the Cannizzaro reaction (4) was used in different 
dilutions for treatingJ^plodia-inlected seed. By this reaction, principally, 
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TABLE 2.— Effect of experimental dust fungicides on Diplodia-mfected seed corn 
as shown by percentage of germination and by percentage of 
diseased seedlings . Ames, Iowa, 1927 


Treatment 

l Percentage of germination \ 

j after j 

Percentage of diseased seed¬ 
lings after 

3 

Days 

7 

Days 

8 11 
Days Days 

7 1 8 11 

Days | Days 1 Days 

Cheek 

A2a 

a 

i 20 i 

90 

70 

1 90 90 10 ' 30 40 

70 70 10 10 20 


A2a 

20 

i 70 

70 

A3 

20 

70 

70 

A4 

60 

80 

80 

A3 

10 

80 

80 

Check 

0 

80 

80 

A6 

20 

90 

90 

AC1 

0 

90 

90 

AB2 

20 

90 

90 

Check 

0 

70 

70 

ABC1 

10 

i 90 

90 

A1 + A’4 

20 

90 

90 

Check 

20 

70 

70 

B1 

40 

90 

90 

B 2 

60 

90 

90 

B3 

20 

70 

70 

B’2 + B*5 

40 

SO 

SO 

Check 

20 

100 

100 

Do 

40 

90 

90 

37C 

80 

90 

90 

07 

0 

70 

70 

Check 

40 

70 

70 

E2 

50 

90 

90 

E2a 

30 

90 

90 

Check 

40 

90 

90 

E2b 

20 

90 

90 

E2c 

50 

90 

90 

E3 

80 

100 

100 

G1 

10 

100 

100 

G3 

, 20 

90 

90 

Check 

20 

90 

90 

G4 

20 

80 

80 

G5 

40 

70 

70 

G6 

20 

80 

80 

Check 

20 


100 

G7 

30 

80 

80 

G8 

30 

100 

100 


70 

0 

0 

0 

80 

0 

0 

0 

80 

0 

10 

10 

80 

30 

40 

80 

90 

0 

0 

0 

90 

0 

0 

0 

90 

10 


20 

70 

30 

30 

30 

90 

0 

0 

10 

90 

0 

0 

20 

70 

20 

40 

40 

90 

0 

0 

10 

90 

0 

10 

20 

70 

0 

0 

10 

SO 

0 

0 

30 

300 

10 

30 

40 

90 

10 

20 

20 

90 

0 

0 

20 

70 

0 

0 

10 

70 

10 

20 

60 

90 

10 

10 

10 

90 

0 

0 

0 

90 

0 

20 

20 

90 

0 

0 

0 

90 

0 

10 

30 

100 

10 

20 

60 

100 

0 

0 

10 

90 

10 

10 

10 

90 

10 

10 

20 

80 

20 

20 

60 

70 

20 

30 

30 

80 

20 

30 

50 

100 

10 

30 

30 

80 

0 

0 

0 

100 

10 

10 

20 
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sodium furoate and furfuryl alcohol are obtained. In the procedure 30 
gm. sodium hydroxide, 100 cc. of water, and 100 cc. of furfural were used. 
The dilutions were made after the reaction was completed. The seed corn 
in units of ten kernels was soaked in the dilutions one and one-half hours, 
dried over night, and placed on the germinator (Table 1). 

Table 1 shows that the solutions of the proper dilutions had a fungicidal 
effect on organisms associated with the germination of Diplodia-infected 
seed. When the solutions were too concentrated, they killed or in¬ 
jured the seed and allowed fungi to grow, when too dilute, fungi 
developed on the germinating kernels. It is of interest to note that fungi 
developed when the treatment was too strong or too weak, but did not de¬ 
velop within a rather wide range of intermediate strengths. 

Table 2 gives the results of an experiment to determine the value of 
some of the experimental dust fungicides, using the sand-tray germinator. 
Diplodia-infected seed was used in units of ten kernels each. 

In table 2 the data on the percentage of diseased seedlings indicate which 
dust disinfectants, under the conditions of this experiment, affect the develop¬ 
ment of seedling blight from Diplodia-infected seed. Likewise, the data 
on percentage of germination indicate which treatments, if any, may in¬ 
jure young corn plants. The dusts which did not retard germination or 
injure the germinating seed and at the same time control the disease were 
retained for further study (Pig. 2). On the basis of these data, certain 
other dusts may be retained and tried at either stronger or weaker 
strengths. 

Table 3 and figure 3 present data on the effect of treating nearly-disease- 
free and Diplodia-infected seed com with nine experimental dust fungicides. 
These data were obtained by the visible-root, sand-culture method in which 
five crystallization dishes, containing 15 kernels each, were used as a unit. 
The controls consisted of two control units of untreated seed in each in¬ 
stance. The series in which nearly-disease-free seed was used and one series 
in which Diplodia-infected seed was used were exposed to medium tem¬ 
perature conditions (16° to 20° C.). A diseased-seed series was placed 
under high-temperature conditions (22° to 30° C.) and a similar series 
under low-temperature conditions (10° to 15° C.). 

The data in table 3 and figure 3, B, C, and D, show that treated Diplodia- 
infected seed corn usually emerged faster than nontreated seed of the same 
kind. * 

Figure 3, B, C, and D, shows that, excepting No. 3, all the dusts em¬ 
ployed in these experiments increased the number of emerging plants.* 
Number 3 was especially injurious at the low-temperature range. 

The data in figtin^3 9 E, indicate that none of the dusts was injurious 
to good seed com at^he medium-temperature range and that No. 2 was 
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Fk, 2 Seedlings from Diplodia infected seed corn A, tieated with G1; B, treated 

with E2C, C, D, nontreated 
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Fig. 3, A. The means of the early-emergence data given in table 3. B, C, D. Graphs 
showing seedling emergence; under temperature conditions, from Diplodia-infeeted seed 
corn, nontreated and Seated with nine trial dusts, respectively, table 3. E, F, G, H. 
Graphs showing tBe green weight of plants from nearly-disease-free seed corn, non¬ 
treated and treated wfth nine trial dusts and grown under different temperature con¬ 
ditions, table 3. 




TABLE 3 .—Data on germination and early giowth obtamed by the visible-root sand-culture method, to indicate the values of 
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outstandingly beneficial. It is of interest to note that, even on nearly- 
disease-free seed, the injurious character of dust No. 3 was not brought 
out at this temperature range, a range within its narrow limits of safety. 
This emphasizes the necessity of trials at different temperatures. 

Figure 3, F, G, and H, shows that all the dusts except No. 3 were 
markedly beneficial to diseased seed. There were indications of benefit 
from No. 3 only within the medium-temperature range and, therefore, it 
should be discarded because of its narrow limits of safety. Dust No. 2 was 
consistently effective at all temperatures and in this experiment was the 
outstanding dust fungicide. Number 8 was especially satisfactory at high 
temperatures, while No. 9 was better than No. 8 at low temperatures. 
Dusts 4, 5, 6, and 7 were uniformly effective, but never the best within any 
one temperature range. 

The results of a preliminary field experiment (Table 4) show that many 
dust fungicides increase the yield from diseased seed corn, but that not all 
of them are safe in general practice because of their effect on nearlv-disease- 
free seed. 

Tables 5 and 6 show the results of experiments performed by Dr. J. R. 
Holbert, at Bloomington, Illinois, in which he used one of the furfural- 
mercury dust fungicides, E2C. The data on the use of a commercial dust 
are included for purposes of comparison. 

The data in tables 5 and 6 show that E2C Dust is a fungicide which 
increases yields from diseased seed corn, comparable to results from using 
a commercial dust, and is especially satisfactory from the standpoint of 
its effect on nearly-disease-free seed. 

Table 7 shows the performance of six “furfural” fungicides and one 
commercial dust fungicide in field experiments at Ames in 1927, on three 
strains of corn from which a number of nearly-disease-free and diseased 
lots of seed had been separated. 

E2C + gave good results on Diplodia-infected and Basisporium-infected 
seed, but caused injury to Funk's 176A strain of yellow dent seed corn. 
This indicates that the modification of E2C, designated E2C was not ad¬ 
visable because E2C did not injure the same strain of corn (Table 5) in 
experiments in Illinois. The fungicide G7, which was approximately half 
the strength of Gl, gave the highest increases in acre yield in three out of 
five experiments in which it was used with six other disinfectants. This 
was one of the strong indications that Gl contained more than enough toxic 
reagent for effective control of the dry-rot seedling blights of com and that 
this toxic reagent was effective and noninjurious over a wide range of con¬ 
centration. Mercury furacrylate, as in A4, gave higher increases in acre 
yields than the commercial dust in four of the five experiments in which it 
was used. 
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TABLE 6. Summary of increases and decreases in acre yields following seed treatment 
with Bayer dust and a furfural-mercury dust (ESC). Bloomington, Illinois, 19S7 


Kinds of seed 

i Fungicide 

No. 

experiments 

Av. increase or de¬ 
crease in bushels 
per A. for all experi¬ 
ments 

Nearly-disease-free seed. ] 

Bayer Dust 

8 

0.46 


E2C 


1.26 

Commercial seed. 

Bayer Dust 

2 

2.2 5 


E2C 


3,7*> 

Diplodia-infected seed . 

Bayer Dust 

4 

13.95 


E2C 


12.52 

Gibberella-infected seed. 

Bayer Dust 

2 

9.65 


E2C 


8.95 

Fusarium-infected seed. 

Bayer Dust 

1 

5.6 


E2C 


3.9 

Cephalosporium-infected seed .. 

Bayer Dust 

1 

0 


E2C 


-1.4 

Basisporium-infected seed. 

Bayer Dust 

3 

3.97 


E2C 


3.73 


B l 2 + B l 5 was the only organic copper compound used in the experi¬ 
ments reported in table 7. This compound was ineffective on Gibberella- 
infected seed. On Diplodia-infected seed it gave about half as much 
increase as the commercial dust in the same experiments. G1 had ranked 
high in the preliminary experiments and was used in all the field experi¬ 
ments reported in table 7. The results showed that it was better than the 
commercial dust in six of the eight field experiments, and the results ob¬ 
tained from the use of G7 showed that G1 might be made more satisfactory 
by decreasing the percentage of toxic reagent in the dust fungicide. 

The effectiveness of two of the furfural-mercury dusts, shown in table 
7, is shown more in detail in table 8 and the results are presented graphi¬ 
cally in figure 4. 

Table 8 and figure 4 show that G1 dust is a promising seed-corn fungi¬ 
cide because it does not injure good seed and materially increases the yields 
from diseased seed. Major emphasis on perfecting this compound was given 
in the subsequent year's investigations. Marked improvement has been 
made, especially in modifying the strength of the toxic reagent. Also, 
other solvents have, been found that can be used in uniting the hydro- 
furaifiide *and mercury. 

Tables 9 and 10 show the effects on field stand and yield resulting from 
the seed treatment of two different lots of seed corn with a number of dusl 
.fungicides. 





TABLE 7 .—Field stands and acre yields from yellow dent seed com nontreated and 
treated with dust fungicide. Ames, Iowa, 1927 


Kind of corn 

Seed 

treat¬ 

ment 

Field 

stand 

Increase 
in stand 
following 
treatment 

Mean 

acre 

yield 

Increase or de¬ 
crease in acre 
yield follow¬ 
ing treatment 

Odds 

Per cent 

Per cent 

Bu. 

Bu. 

| Per cent 

Diplodia- j 

Check 

01.5 


29.2 

i 



infected I 

BD 

80.5 

30.9 

35.3 

1 6.1 

20.9 

262:1 

U. S. D. A. 

E2Cf 

i 70.5 

14.6 

31.7 

2.5 

8.6 

13:1 

cioss 250 seed 

G1 

79.2 

28.7 

38.5 

9.3 

31.8 

9999:1 

l 

B4 

57.4 

—0.8 

28.1 

-1.1 

-3.8 

3:1 


G7 

77.0 

25.2 

39.3 

10.1 

34.6 

9999:1 


B^+B^ 

| 65.0 

7.0 

32.3 

3.1 

10.6 

23:1 


A4 

73.0 

18.7 

33.5 

6.3 

21.6 

1428:1 

Nearly- 

Check 

91.3 


36.3 




disease-free 

BD 

91.8 

0.5 

33.6 

-0.7 

-1.9 

3:1 

U. S. B. A. 

E2C+ 

89.3 

-2.2 

36.0 

-0.3 

-0.8 

1:1 

cross 250 seed 

G1 

92.2 

0.9 

36.4 

0.1 

0.3 

1:1 


B4 

82.7 

-9.5 

35.1 

-1.2 

-3.3 

4:1 


G7 

90.7 

-0.7 

37.6 

1.3 

3.6 

5:1 


1V2+1V5 

94.0 

2.9 

37.1 

0.8 

2.2 

3:1 


A4 

90.0 

-1.5 

37.6 

1.3 

3.6 

3:1 

Gibbeiella- 

Check 

79.8 


30.9 




infected 

BT) 

84.2 

5.4 

38.2 

1.3 

3.5 

7:1 

Funk's 370A 

E2C+ 

83.3 

4.0 

36.8 

-0.1 

-0.3 

1:1 

seed 

G1 

84.7 

7.3 

41.1 

4.2 

11.4 

402:1 


B4 

80.2 

0.4 

33.1 

-3.8 

-10.3 

1666:1 


G7 

82.8 

5.8 

39.9 

3.0 

8.1 

16:1 


B , 2+B 1 5 

78.3 

-1.9 

35.6 

-1.3 

-3.3 

6:1 


A4 

83.1 

4.6 

40.9 

10.8 

4.0 

416:1 

Xeaily- 

Check 

94.9 


42.2 




disease-free 

BD 

95.5 

0.5 

40.7 

-1.5 

-3.6 

2:1 

Funk’s 170 A 

E2C+ 

93.0 

-1.9 

36.9 

—o.3 

-12.6 

352:1 

seed 

G1 

95.3 

0.7 

41.4 

—0.8 

-1.9 

2:1 


B4 

95.7 

-1.2 

39.7 

-2.3 

-5.9 

6:1 


G7 

94.3 

-0.4 

40.1 

-2.1 

-5.0 

4:1 


B»24 3V5 

93.0 

0.2 

40.4 

-1.8 

-4.3 

3:1 


A4 

95.5 

0.7 

40.2 

-2.0 

-4.7 

9:1 

Diplodia- 

Cheek 

57.0 


23.3 




infeeted 

BD 

84.8 

48.S 

«>b.i) 

11.0 

43.2 

9999:1 

Funk’s 176 A 

E2C 1 - 1 - 

84.7 

48.0 

36.2 

10.7 

42.0 

9999:1 

seed 

G1 

84.8 

48. S 

40.7 

13.2 

59.6 | 

* 9999:1 


B4 

5X.2 

2.0 

23.6 

0.1 

0.4 1 

1:1 


G7 

84.3 

48.3 

41.6 

16.1 

63.2 

9999:1 


B , 24B , o 

70.5 

25.7 

51.6 

0.1 

23.9 

9999:1 


A4 

79.3 

39.5 

40.5 

15.0 

58.8 

9999:1 

Diplod ia- 

Check 

39.7 


29.0 




- infected 

BD 

73.3 

26.3 

37.0 

8.0 

27.6 

2399:1 

Murphy 

Sem. Jr. 

78.0 

30.7 

37.3 

8.3 

28.6 

9999:1 

strain 

G1 

71.0 

19.0 

34.6 

5.6 

19.3 | 

276:1 

seed 

E2C+ 

71.5 

19.8 

36.2 

7.2 

24.8 1 

1999:1 

Basisporium- 

Check 

04.7 


26.3 


1 


infected 

BD 

1 77.5 

19.8 

31.7 

5.2 

19.6 1 

9999:1 

Murphy 

Sem. Jr. 

i 78.6 

21.4 

30.6 

4.1 

16.1 1 

1666:1 

strain 

G1 

75.4 

16.5 

28.8 

2.3 

9.0 | 

8:1 

seed 

E2C+ 

78.4 

21.2 

31.1 

4.6 

18.0 ’ 

73:1 

Nearly- 

Check 

91.4 


| 32.1 


3.1 ! 

■ 

disease-free 

BD 

94.9 

i 3.8 

1 33.2 

1.1 


7:1 

Murphy 

Sem. Jr. 

92.7 

1.4 

31.9 

-0.2 

-0.6 

1:1 

strain 

G1 

93.2 

2.0 

1 33.3 

i 1.2 

3.7 

3:1 

seed 

E2C+ 

93.5 

2.3 

35.0 

t 2.9 

9.3 

11:1 
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TABLE 8 .—Yields from nearly-disease-free and diseased seed com untreated and treated 
with Bayer Dust and two dust disinfectants made from furfural and mercury. 

Iowa Agricultural Experiment Station, Ames, Iowa, 19S7 


Kind 


1 Dust 

No. of 
replica¬ 
tions 

| Acre yields 

i 

Increase or 
decrease 

, Odds 

[ of corn 

disin- 

| Untreated 
i Bu. 

Treated 1 


fectant 

Bu. i 

i . 1 

Bu. 

P. ct. 


Disease-free (250) 

Bayer Dust 1 

10 

36.3 

35.6 

-0.7 

' -1.9 

3:1 

< < 

(Mur) 

4 < 

10 

32.1 

33.2 

1.1 

i 3.1 

7:1 

< t 

(176A) 

i i 

30 

42.2 

40.7 

-1.5 

-3.6 

2:1 

Mean .... 

— 

\ 

\ 

30 

36.9 

36.5 

-0.4 

—0.8 


Disease-free (250) 

1 G1 

10 

36.3 

36.4 

0.1 

0.3 

1:1 

i t 

(Mur) 

< t 

30 

32.1 

33.3 

1.2 

3.7 

3:1 

a 

(176 A) 

(i 

10 

42.2 

41.4 

-0.8 

1.9 

2:1 

Mean .. 

. 


30 

36.9 

37.0 

0.1 

0.3 


Disease-free (250) 

E2Cf- 

30 

36.3 

36.0 

-0.3 

-0.8 

1:1 

u 

(Mur) 

11 

10 

32.1 

35.0 

2.9 

9.3 

11:1 

it 

(176 A) 

a 

10 

42.2 

30.9 

-5.3 

-12.6 

132:1 

Mean ..... 



30 

30.9 

36.0 

-0.9 

-2.4 


Diplodia-infected 









(250) 

Bayer Dust 

30 

29.2 

35.3 

6.1 

20.9 

262:1 

t i 

(Mur) 

* < 

10 

29.0 

37.0 

8.0 

27.6 

2399:1 

a 

(176 A) 

i i 

10 

25.5 

36.5 

11.0 

43.2 

9999:1 

Mean ..... 

— 


30 

27.9 

36.3 

8.4 

30.1 


Diplodia-infected 









(250) 

G1 

10 

29.2 

3S.3 

9.3 

31.8 

9999:1 

ft 

(Mur) 

i i 

10 

29.0 

34.6 

5.6 

19.3 

276:1 

tt 

(176A) 

t i 

30 

25.5 

40.7 

15.2 

59.6 

9999:1 

Mean . 

■ —.- 


30 

27.9 

37.9 

10.0 

35.9 


Diplodia-infected 









(250) i 

E2C+ 

10 

29.2 

31.7 

2.5 

8.6 

13:1 

<t 

(Mur) | 

i t 

10 

29.0 

36.2 

7.2 

24.8 

1999:1 

tt 

(176A) ' 

ft 

10 

25.5 

36.2 

30.7 

42.0 

9999:1 

Mean .... 

i 


30 

27.9 

34.7 

6.8 

24.4 



Tables 9 and 10 show that Bayer Dust used on these two lots of corn 
ranked first in its effect on yields, although it did not increase the field 
stand so much as some of the experimental^dust fungicides. 

Table 11 shows the effect of one of the experimental dust disinfectants 
on four lots of seed com, two of which were hybrid seed. 

The data in table 11 show that the crossed com used was not benefited 
by seed treatment with E2C+, while an open pollinated variety in the same 
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TABLE 9. —Percentage increases in field stands and acre yields from one lot of poor seed 
com following treatment with certain chemical dusts, Ames, Iowa, 19X7 


'RanV 

Dust disinfectants 

Percentage increase in 

Odds 



Stand 

Yield 

1 

Bayer Dust 

12.3 

23.7 

9999:1 

2 

E2C 

12.4 

15.0 

4999:1 

3 

E2C + 

7.5 

13.6 1 

207:1 

4 

G7 

4.5 

12.7 

147:1 

5 

E2C + G1 

13 2 

11.9 

158:1 

6 | 

Sem. Jr. 

8.2 

11.9 

42:1 

7 i 

K4 

7.5 

10.0 

33:1 

8 

Old Homestead 

1.7 

8.5 

11:1 

9 

E2C5 

9.3 

7.2 

11:1 

10 

MCI 

3.0 

57 

7-1 

11 1 

G1 

9.6 

4.4 

9:1 

12 

B’2 + B*5 

2.6 

40 

3:1 

13 

1 

A4 

29 

0.3 

1.1 


TABLE 10.— Percentage increase or decrease tn fit Id stand and acre yield from one lot of 
poor seed com treated with certain chemical dusts. Ames, Iowa, 19X7 


Bank 


Dust disinfectants 


Percentage increase or 
decrease in 


Odds 


Field stand , Yield 


1 

| Bayer Dust 

8.0 

+ 15 4 

140:1 

o 

E2C + G1 

12 4 

+ 14.2 

50:1 

3 

' Sem. Jr. 

11.2 

4 13.1 

119:1 

4 

i E2C (half strength) 

85 

+ 10.9 

2249:1 

5 

MCI per cent . 

0.8 

+ 

8.5 

14:1 

6 

E2C + 

12.7 

+ 

8.2 

49:1 

7 

G1 

16.6 

+ 

3.5 

6:1 

8 

G7 - - 

5.1 

+ 

3.4 

10:1 

^ i 

1 E2C 

11.8 

+ 

3.3 

4:1 


B‘2 + B‘5 > - 

- 2.4 

- 

0.6 

1:1 

11 

HSD 

- 4.4 

- 

0.9 

1:1 

12 

K4 - 

0.0 

- 

6.5 

9:1 

13 

A4 . 

i 

0.6 ; 

- 

4.7 

8:1 


experimental field was materially benefited by the same seed treatment. 
Other evidence also indicates that some varieties of corn are benefited more 
than others by the same seed treatments. 

Past experience has shown that seed treatments of Cephalosporittm- 
infected seed (black-bundle disease) have not consistently given beneficial 
results. As a rule, tills disease does not affect germination or early vigor 

4 
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TABLE 11.— Effect of E2C + on four lots of seed corn planted at Ames, Iowa, 1927 


Kind of com 

1 No. 

Teplica- 
j tions 

Acre yield 

Increase or . 
I decrease | 

Odds 

j Nontreated 

Treated 

| Bu. 

[ P.'ct. 

Nearly-disease-free 

1 10 

' 38.4 ' 

42.0 

3.6 

1 9.4 1 

37:2 

Diplodia-infected 

10 

34.9 

40.3 

5.4 

15.5 

9999:1 

Crossed com A 

21 

39.3 

37.5 

-1.8 

-4.6 

11:1 

Crossed com B 

21 

38.3 

38.7 

0.4 

1.0 

2:1 


of the seedlings. Table 12 shows the results of a seed-treatment experi¬ 
ment in which Cephalosporium-infected seed was used. 

TABLE 12.— Effect of dust disinfectant E2C5 on stand and yield of nearly disease-free 
and Cephalosporium-infected Funic’s Yellow Vent seed corn. Amis, Iowa, 19t7 


Kind 

of 

seed 

■0 

9K S 

If! Tq 

Stand 

Increase 

Acre 

yield 

Increase 

Odds 

Tieated 

Non¬ 

treated 

No. 

plants 

Per 

cent 

Treated 

Non¬ 

treated 



N. I). F. 

10 

278 

266 

12 

4.5 

19.0 

19.3 

0.3 

1.6 

2:1 

Oplialo- 











sporium- 


i 









infeeted 

10 

i 224 

190 

34 

17.9 

23.4 

19.4 

4.0 

20.6 

484:1 


In thi" experiment, the treatment has been of decided benefit to 
Cephalosporium-infeeted seed, increasing the field stand 17.9 per cent and 
the yield four bushels per acre, or 20.6 per cent. 

Experiments on sweet-corn-seed treatment were conducted at two places 
in Iowa in 1927. The experimental method was similar to that used with 
dent corn at different places in the State. The seed was the same as that 
used for general planting by the canning company cooperating in the 
experiment. 

The sweet-corn tests at Story City were replicated four times for each 
treatment. The variety grown in these tests was Golden Bantam. Scarcely 
any rain fell from the time of planting to harvest time. Moisture was out¬ 
standingly the limiting factor for yield and for this reason it was an un¬ 
favorable year to determine the value of seed-treatment materials. 

The stand and yield data are presented in table 13. 

In corn-seed treatment experiments there is usually a high correlation 
between increases in field stand and in yield. Table 13 shows that,, in this 
experiment, the largest increase in field stands were not followed by the 
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TABLE 13. —Data on field stands and acre yields of Golden Bantam sweet corn, prime 
for canning, from seed-treatment experiments at Story City, Iowa, 1027 



Field stands 

Acre yields 

Increase or decrease 

Dust disin- 

Non- 

treated 

No. 

Treated 

No. 

Noii- 

treated 

Lbs. 

Treated 

Lbs. 



fectants 

Stand 

P. ct. 

Yield 

P. ct. 


Sem. Jr. .. 

998 

1037 i 

4938 

5607 

3.9 14.8 

Bern, filler. 

998 

980 

4938 

' 5208 

- 1.8 5.5 

G1 .. 

998 

1152 

4700 

4842 

15.4 0.0 

Talc.. . 1049 

1106 

4700 

4958 

5.4 5.5 

E2C+ ... 

965 

1032 

4700 

4942 

6.9 5.2 

E2C ........ 

965 

986 

4350 

4422 

2.2 1.7 

Bayer Dust..... 

938 

1 957 

4350 

4210 

2.0 - 0.2 

E2C + G1 .. 

911 

1026 

4350 

4250 

12.6 - 2.0 

largest increases 

in yield. These 

unusual 

results are 

probably due to 


drought during this season. 

The sweet-corn plots at Grimes, Iowa, were not harvested; hence only 
field-stand data are presented in table 14. 

TABLE 14. —Effect of dust seed treatments on field stands of narrow-grain swat corn 
( var . Evergreen ) planted at Grimes , Iowa, 1027 


Dust disinfectants 

Average of 
two checks 


Increase or 
decrease 

Nontreated 

Treated 



No. 

No. 

P. ct. 

Sem. Jr.. 

742 

755 

1.8 

Sem. filler... 

! 742 

656 

-31.6 

G1 ---.-. I 

742 

812 

9.4 

Talc .... ‘ 

742 

730 

- 1.6 

E2C +___ | 

742 

799 

7.7 

BD ---- : 

677.5 

676 

- 0.2 

E2C + G1 ... 

672 

750 

11.6 


In this experiment the combination of E2C and G1 proved better than 
either one alone or any of the other disinfectants used. 

Experiments were conducted in districts 2, 5, 7, and 10 in connection 
with the Iowa State yield tests to determine the seed-disinfection value of 
Bayer Dust, Ql, and E2C+. In each of the four districts where these test,, 
fields were located, a composite was made with seed obtained from 12 sep¬ 
arate farmers to represent average seed not specially selected. From each 
of the four composite lots four plantings were made, the first of which was 
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treated with Bayer Dust, the second with 61, and the fourth with E2C +. 
The third planting was of nontreated seed. In each row was planted the 
same number of seeds from each of the 12 separate farmers. 

Each of four separate lots of seed, entered regularly in the corn yield 
test by the several growers, was divided into four portions and given the 
same treatments as the composite lots. These were planted in the same 
four districts as the composite lots and in similar manner. 

The results obtained are shown in table 15 where the acre yields in 
bushels are given for each trial dust and for the nontreated, or check seed, 
in each district, together with the average yield for all the districts. No 
significant differences in yield between treated and nontreated composite 
lots of seed were obtained. Seed treatments did result in increased yields, 
however, when used with the four regular entries in the yield test; in¬ 
creases ranging from 0.74 to 2.08 bushels were obtained, each of the treated 
samples yielding more than the nontreated lots. 


TABLE LI .—Acre yields in bushels obtained from nonsehcted and specially selected seed 
nontreated and treated with two furfural and one commercial dust 


Kind of 


Acre yields in bushels 



treatment j 

Dist. 2 

Dist. 5 

Dist. 7 

Dist. 10 

Average 

Composite seed: j 
Bayer Dust . 

33.59 

i 

44.03 

50.86 

46.74 

43.S1 

Grl . 

31.43 

47.81 

51.24 

44.64 

43.78 

Nontreated . 

31.56 

47.18 

52.71 

46.52 

44.49 

E2C + . 

33.91 

47.04 

51.37 

44.10 

44.11 

Selected sf'd: 
Bayer Dust .. . . 

37.59 

42.42 

51.82 

52.96 

46.20 

G1 . 

35.56 

42.14 

54.23 

52.50 

46.11 

Nontreated . 

36.70 

40.67 

47.18 

51.94 

44.12 

E2C + . 

35.43 

40.57 

54.10 

49.34 

44.86 


All the lots of seed used in these experiments were studied by germinator 
tests to determine the amount of disease present. It was found that all lots 
were unusually free from infection and could be considered comparable 
to what was designated in previously reported experiments as nearly- 
disease-free. 

The object of experiments with this type of good seed was to determine 
the noninjurious nature of the disinfectants used. Increases in yield fol¬ 
lowing treatment of this kind of seed are not expected unless plantings 
are closely followed by adverse growing conditions. 

The results of these experiments show that 61 does not injure good 
seed and may increase the yields of good seed as much as two bushels 
per acre. 
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SUMMARY 

Organic compounds of mercury having the organic radical derived from 
furfural have been discovered especially applicable as fungicidal dusts for 
the control of the dry-rot seedling blights of corn. These are: (1) The com¬ 
pound formed when mercuric chloride and hydrofuramide are brought to¬ 
gether in solution; (2) the compounds formed by adding mercuric chloride 
and mercuric nitrate to furfural after it has undergone the Cannizzaro 
reaction; and (3) mercury furacrylate. 

The field studies on the effect of these fungicidal dusts involved ob¬ 
taining yields from approximately 1,000 plots of not less than 30 hills, 
each, near Ames, Iowa; from about 500 plots in Illinois; and from 320 plots 
in four counties of Iowa. 

A number of varieties, strains, and crosses of corn, as well as lots pre¬ 
dominantly infected with each of the dry-rot organisms, were used in 
investigations. 

The field stands and acre yields from Diplodia-infected seed were always 
increased appreciably by the better treatments, sometimes amounting ap¬ 
proximately to 50 per cent. Basisporium-infected seed responded by in¬ 
creases in stand and yield of approximately 10 to 20 per cent and Gib- 
berella-infected seed, five to 10 per cent. The effect on nearly-disease-free 
seed was not significant, but the good seed responded in each instance by 
increases of about two bushels per acre in the State yield contests in four 
districts. 

The most promising of these furfural-mercurv-dust disinfectants were 
given further study in 1928. 
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A MCKETTSIA-LIKE MICROORGANISM IN EUTETTIX TENELLUS 
(BAKER), THE CARRIER OF CURLY TOP OF SUGAR BEETS 

Olive Swezy and Henry II. I*. Severing 
INTRODUCTION 

The presence of Rickettsia or Rickettsia-like microorganisms lias been 
recorded from a wide variety of insects within recent years, both as in¬ 
testinal and as intracellular parasites. Some of these have been connected 
with various diseases, though the exact relations between them are still 
obscure in most cases. The majority of them, however, thus far bear 
no such ill repute. In view of the constantly-increasing importance of 
insects as carriers of disease, especially in plant pathology, any micro¬ 
organisms which they harbor may well be made the subject of careful 
investigation. The presence of such bodies in the beet leaf hopper, Eutet- 
tix tcnellus (Baker), the carrier of the curly-top disease in sugar beets, thus 
presents a problem which cannot be overlooked in a search for the causal 
agent of this disease. 

Early investigations on the causal agent of curly top were confined 
mainly to studies of the plant; hence, when the present work was begun, 
attention was largely given to conditions in the insect which carries this 
disease. Earlier investigators found no organism associated with curly top 
in the plant and it has been the consensus of opinion that none exists. 
Smith and Boncquet (7) isolated and described a bacillus from the lesions 
produced by curly top but found the same organism in healthy sugar beets 
and concluded that it had no causal connection with the disease. 

Earlier students of the problem were hampered by an inability to pro¬ 
duce the disease by inoculation in a sufficiently large number of cases to 
make experiments practicable. This difficulty was overcome by methods 
perfected by Carter (2, 3, 4) and Severin and Swezy (6), who thus opened 
the way for more intensive experimental work than had yet been done. 
The first result of this improved technique is found in the work of Severin 
and Swezy on the filterability of the causal agent, proving that both the 
infective macerated bugs and infected beet juice are capable of producing 
the disease when passed through fine Berkefeld filters. Coincident with 
this the present work was begun. Assuming the possibility of a somewhat 
complicated life cycle for the causal agent which might have a visible stage 
in the digestive canal or blood of the insect, two lines of attack were fol- 

1 We wish to acknowledge the assistance received from Mr. W. R. Lyon of the Uni¬ 
versity Medical School in carrying on the cultures that were so important to the success 
of this work. 
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lowed. The first line consisted of a study of the infective insect, both in 
fresh smear preparations and in fixed and stained sections of the body and 
its various organs. The second consisted of cultures made from the crushed 
insects and beets which had been filtered. 

MATERIAL AND METHODS 

The methods for conducting filtration experiments on both the insect 
and the sugar beet were similar to those used by Severin and Swezy (6) 
in their earlier studies on the filterability of curly top. 

For examination of the beet leaf hoppers, various methods of fixing and 
staining were used, including most of the standard methods of cytological, 
bacteriological, and protozoological work. Considerable difficulty is offered 
by the chitinous exoskeleton of these insects, but this was overcome in part 
by using those adults which had recently moulted. With these, fix¬ 
ation and sectioning offer no difficulties. It was not always expedient, 
however, to confine the work to these individuals, though they gave the 
most successful results, and attempts were made to section the insect with¬ 
out removing the chitin. This, of course, resulted in the loss of much ma¬ 
terial but a sufficient number of good sections were secured to give the 
required data. 

In addition, the intestinal canal and salivary glands also were dissected 
out, fixed, sectioned, and stained. Smear preparations were made of these 
organs and of the blood. A fairly satisfactory method of examining the 
stomach was found in removing the intestinal tract and flattening it be¬ 
tween a slide and cover slip or two slides, with considerable pressure, being 
careful to avoid crushing the organs. If these are allowed to dry slightly 
before being placed in the fixing fluids the preparation will adhere to the 
slide and may be stained by the usual methods. 

In making cultures of both the leaf hopper and the sugar beet the same 
methods were used as described for earlier filtration experiments (Severin 
and Swezy (6)). The leaf hoppers were macerated in a fluid consisting of 
one-half steam-extracted beet-root juice and one-half five per cent beet 
sugar. Enough fluid was added to make 100 cc. for filtering. After this 
material was passed through a fine Berkefeld (W) filter, cultures were made 
by using 1 loop of the filtrate and 16 cc. of the prepared culture medium 
and the test tubes sealed with a preparation of equal parts of paraffine and 
vaseline. Several media were tried and some cultures were made by using 
steam4xtz*cted root juice alone. The moat successful medium was a prep¬ 
aration containing hypophysis. This was made as follows: 


Egg white Locke's solution .9 per cent 

Hypophysis NaCl . 8.5 per cent 


Dextrose . 5 j NaHCO,....05 gr. 
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Magnesium chloride .0005 gr. 

HoO . 1 liter KC1 .042 gr. 


Subcultures were made at varying interv als, using 1 loop of the original 
culture to 16 cc. of the sterile culture medium. 

When sugar beets were used they were ground in a meat grinder, and 
the juice was strained out through cheesecloth and filtered. Cultures were 
made of the filtrate in the same manner, using the same proportions as 
with the leaf hopper. In all cases the cultures were studied by making 
smears of the contents, fixing immediately in Rcgaud s or Schaudinn s fixing 
fluids, and staining with Giemsa. Smears also were made of the filtrate 
immediately after filtering and were treated in the same manner. In pre¬ 
paring these cultures both the noninfective and infective insects were used 
and both healthy and diseased beets. 

MICROORGANISMS IN THE LEAF HOPPER 

The intestinal canal of the leaf hopper often contains microorganisms 
in enormous numbers. These are found in greatest abundance in the lumen 
of the midintestine, though occasionally a few can be found in the oesopha¬ 
gus anterior to the oesophageal valve (Swezy, 8). When only a few are 
present they are more frequently found in the narrow portion of the mid¬ 
intestine than in the enlarged portion. 

They also occur as intracellular parasites. Occasionally a cell in the 
wall of the stomach will be found greatly distended and its interior com¬ 
pletely filled by a mass of bacilli (Fig. 1, A). In other cases a few only 
of the microorganisms are present in a single cell. These infected cells are 
most freqi ently those in the wall of the midintestine though infected cells 
are found in other pails of the body, as the fat cells in the dorsal and pos¬ 
terior regions and the cells in the posterior portion of the oesophagus near 
the oesophageal valve (Fig. 1, B). These organisms are also found in the 
blood. They are rarely found in the Malpighian tubules. The salivary 
glands have also been free of infection. 

As intracellular parasites they seem to be restricted to the cytoplasm. 
The only exceptions to this that have been noted have been the hyper¬ 
trophied cells of the midintestine where all available space in both nucleus 
and cytoplasm seemed to be occupied. 

These microorganisms are present in the intestine of both the infective 
and the noninfective insect, though the former shows a higher percentage 
of infection than does the latter group. In 333 noninfective insects 41.4 
per cent showed the presence of these organisms, while 475 infective in¬ 
sects showed 69.5 per cent infection. These examinations were of the 
intestinal tract alone. When sections of the entire body are examined 
the percentage of infection in the infective insect is somewhat higher, 
reaching about 84 per cent. 
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In appearance these organisms are diplobacillary in form with ends 
somewhat rounded, and ranging in size from 0.24 to 3 microns in length. 
In both staining capacity and sharpness of outline considerable variation 
is found. In many insects large numbers are present which stain clearly 
with iron haematoxylin, ’while others seem to have taken no stain. The 
same variations may be noted when Giesma is used. An insect is often 
found with the midintestine filled with a pale grey mass which presents no 
visible staining reactions, and only the most careful study reveals the 
fact that these masses are made up of diplobacillary organisms. In this 
type of organism the outlines, even when stained, are less clear than those 
of the first type, though they are rather more distinct than in the Rickettsia 
that have been described from other insects. Both types are found in in¬ 
fested cells but rarely in the same cell. 

CULTURES FROM THE LEAF HOPPER 

The cultures made from the leaf hopper may be divided into three 
groups. In the first the entire insect was macerated; in the second the 
intestinal canal was dissected out and ground up; and in the third the 
salivary glands alone were used. Large numbers of insects were used in 
the first group, sixteen hundred to two thousand, making approximately 
sixteen insects to one cubic centimeter of liquid to be filtered. In the sec¬ 
ond and third groups dissections were made of from fifty to one hundred 
insects for each experiment. In the first group ten filtrations were made, 
beginning oil March 19 and ending on July 31. In the second group three 
filtrations were made and in the third group ten filtrations during the same 
interval of time. In addition to these, two filtrations were made of 
macerated leaf hoppers to determine the thermal death point and cultures 
made from these were examined in the same manner, making a total of 
twenty-five filtration experiments on the beet leaf hopper. 

In most of these experiments smears were made of the filtrate imme¬ 
diately after filtration. These were found to be negative except in one 
instance where the slides were left exposed to the air for considerable time 
in drying, and a few sporebearing bacilli were found in the preparation. 
Cultures were made of the filtered culture medium alone, and slides pre¬ 
pared from these also gave negative results. 

Two of the cultures made w T ith salivary glands were examined at the 
end of twenty-four hours. In the other cases the first examinatiohs were 
made at the end of two days or later, in some instances. Microorganisms 
were found in the cultures from each of the twenty-three filtrations as well 
as the subcultures made from them. Organisms were found in the cultures 
which had been heated to 63° C. but none in those which had been treated 
with higher temperatures. 
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Pour attempts were made to secure cultures from the excrement of in¬ 
fective beet leaf hoppers. About three thousand were used each time, five 
hundred being placed in each of six sterilized test tubes for periods ranging 
from fifteen to thirty minutes. At the end of this time they were removed 
and steam-extracted root juice was added to each test tube. These were 
kept at room temperature for twenty-four hours, then filtered, and cultures 
made from the filtrate by the usual methods. The first three cultures were 
examined at the end of one, two, and three weeks and were found negative 
in every case. In the fourth experiment microorganisms similar to those 
obtained from the insect were found. 

Pour filtrations of noninfective beet leaf hoppers were made, using about 
sixteen hundred insects each time. Cultures were made of the filtrate, 
using the same methods and examining at the same intervals as in the 
case of the infective insects. These cultures gave negative results 
throughout. 

The organisms found in the cultures from the infected insects showed 
a greater pleomorphism than do those in the sections of the insect. Two 
types predominated, one dipJobacillary (Fig. 2; A, B) and the other very 
short, almost diplococcoid, with intergrading forms between the two. A 
few cultures showed a giant diplobacillary form, which was regarded as a 
contaminant but, later, the same organism w*as found in cultures w T hich 
had been hermetically sealed in glass tubes immediately after filtering and 
heated at 70° C. for ten minutes. Their presence under these conditions 
suggests the possibility that they may be developmental forms of the smaller 
diplobacillary organism. This is only a suggestion, however. 

Both the diplobacillary forms and the diplococcoid forms were found 
in the same cultures, in some cases in the same tubes and in other cases in 
tubes which had been made from the same culture but opened on different 
dates. In many of the cultures the diplococcoid forms appeared before 
the diplobacillary bodies, while in some cultures the reverse was true. 

These organisms are gram-negative and, in Oiemsa, show a considerable 
range of variation in their staining reactions. In some cultures both the 
diplococcus and the diplobacillary forms take a dark blue stain that is 
fairly sharp and clear. In other cultures both types show a lesser degree 
of affinity for the stain and are pale, with their borders not so well defined. 
They also may be stained with iron haematoxylin. 

CULTURES FROM THE SUGAR BEET 

The sugar beets used for preparing cultures were those showing an 
advanced stage of the disease. These consisted of twelve filtrations ~in 
which the prlpajred cultures were kept at room temperatures and two 
filtrations the cultures froxb which had been heated to temperatures varying 
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Fig. 2 A Mieiooigamsms from culture made fiom filtrate obtained In passing 
ciushed salnarj glands of Euteitix tfnellus through a Berkefeld filter (\Y). B. Micro 
oiganisms fiom cultuie made fiom filtiate obtained by passing crushed intestinal tracts 
tluough a Beikefeld flltei (W) C Mioioorgainsms from cultures made from beet loot 
juice passed through a Beikefeld filter (W). D. Diplococcoid form from culture of Al 
teied beet loot juice 
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from 65° to 75° C. to determine the thermal death point, making a total 
of twelve experiments. One of the first group was examined at the end 
of one day and the others were examined for the first time at the end of 
two or more days, the procedure being the same throughout as that followed 
in dealing with the cultures from the leaf hopper. 

In all of the cultures of the first group, and also in those heated to 70° 
or less, microorganisms were found morphologically similar to those ob¬ 
tained in the cultures from the leaf hopper and showing the same pleo- 
morphism (Pig. 2; C, D). The number of these organisms varied in dif¬ 
ferent cultures, being abundant in some and very scanty in others, though 
the amount of material used was about the same in each culture tube. 
The same variation in the appearance of the two types of organisms, diplo- 
bacillary and the diplococcoid forms, was found in these cultures with a 
slightly greater predominance of the latter forms. 

DISCUSSION 

The group of organisms described under the name of Rickettsia or 
rickettsia-like bodies has come to include a large number of bacteria-like 
organisms of still somewhat doubtful classification, which are widely dis¬ 
tributed in insects and arachnids. As defined by Arkwright, Atkin, and 
Bacot (1921), the Rickettsia are characterized by their minute size, 
usually being 0.2 to 0.5 micron in diameter; their pleoinorphism from 
coccus-like and diplococci to bacillary forms; their resistance to ordinary 
aniline stains; their loss of gram stain and affinity for Giemsa; their ab¬ 
sence of motility; their resistance to cultivation on ordinary media; and 
their occurrence in the intestine of blood-sucking insects. Hertig and 
Wolbach (5) further suggested that the term be limited to the organisms 
of proved pathogenicity. As pointed out by Ward (9), the latter char¬ 
acteristic, as well as size, is of doubtful value for classification. 

The position of the organisms found in Eutettijr tenellus and in the cul¬ 
tures made from it and the infected beet is open to some question, and, for 
the present, no attempt will be made definitely to allocate these organisms. 
Their affinities seem to be with the bacteria, however. They possess some 
of the characteristics of Rickettsia but differ from them mainly in their 
greater affinity for stains and in their motility. Regarding their path¬ 
ogenicity nothing can yet be said either for or against their connection with 
the disease of sugar beets. That the same type of organism may be se¬ 
cured by filtration-culture experiments with the infected beet and infective 
insect is suggestive of a causal relation between them, however. The rather^ 
wide range of variation in size of the organisms present in the cultures is 
extended when the form small enough to pass the filters is included. That 
this latter type is alt uitramfcrojBCopic one is indicated by two facts; (1) 
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No organisms have been found immediately after filtering; and (2) none 
have been found in the numerous sections of salivary glands, though fil¬ 
tered cultures of the glands will give the same forms present in cultures 
from the entire insect. In making the cultures from the salivary glands 
the insects are placed in a small vial partly filled with sterile physiological 
salt solution. The vial is shaken before removing the insects to partially 
immobilize them, after which they are placed in fresh solution in a flat 
watch glass under the microscope for dissection. The glands are removed 
while the insect is immersed in the fluid and removed to a small stcnder 
dish containing sterile physiological salt solution. When this is done with 
care the intestinal tract and other organs of the body are left intact, only 
the head being removed. With the amount of salt solution used the pos¬ 
sibility of contamination is reduced to a minimum, though there is always 
the chance that a few organisms from the blood may be carried over when 
the salivary glands are removed from the watch glass. Since the diplo- 
bacillarv forms are usually present only in the intestinal tract and ulien 
found elsewhere are very scanty in numbers, the possibility of the cultures 
becoming infected in this manner is remote. 

The form present in the sugar beet is also ail ultramicroscopic one, since 
no visible organisms have been found in the diseased plant tissues, with one 
exception; sometimes the cells in the periderm of the beet root show from 
few to many bacilli similar to those in the cultures. 

SUMMARY 

It is evident that Eutcttix tcnellus harbors two different organisms, 
though these cannot be separated on morphological grounds. The differ¬ 
ences between these two bacilli lie in the fact that one may be filtered and 
the other cannot pass through the fine Berkefeld filters; the one being 
found in infective insects and the other being present in both. This differ¬ 
ence is evidently one that will be found closely correlated with differences 
in the life histories when these shall have been worked out more definitely. 

Bureau of Entomology, l\ S. Department of Agriculture, 

California Agricultural Experiment Station, 

Berkeley, California. 
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FURTHER NOTES ON BACTERIUM TUMEFACIEN8 
AND ITS HOST RELATIONSHIP 1 

j . Bex Hill, W m . H. Buittixgham, Frances P. Gibbons, 
and Grace W. Watts 

It has been shown by one of the authors (2) that Bacterium tumefaciens 
Smith and Towm., in common with several other species of bacteria, mi¬ 
grates through the host tissues in the form of zoogloeae. In the present 
report the writers wish to assemble several additional facts bearing on the 
migration of this organism. 

To obtain the tobacco stems used in these investigations old plants of 
the flowering tobacco, Xicotiana affinis Moore, were cut back to induce new 
succulent growth and these new, vigorously-growing shoots, 0.3 to 0.5 cm. 
in diameter, were inoculated in the internodes 0.5 to 1 cm. from the apex. 
The pieces of stem containing the inoculum were fixed for sectioning in 
alcohol-acetic acid-formalin solution, at intervals of 5, 10, 15. 20. 30, and 
45 minutes, and 1 hour. This material was imbedded in paraffin and, after 
cutting, the sections were stained with Flemming's triple stain. Of the 
strains of Bacterium tumcfuciens used in these studies “peach.” “willow,” 
“euonymus,” and “pecan” were originally obtained from the laboratory 
of Dr. Erwin F. Smith, Bureau of Plant Industry. Washington, D. C.. and 
“Wise. 2004,” “Wise. 2141,” and “Wise. 201h” from Professor Win. F. 
Banfield, University of Wisconsin. Madison. Wisconsin. 

MIGRATION OF BACTERIUM TUMEFACIENS IN THE XYLEM 
YEKREIiS OF THE ITOST 2 

Robinson and Walkden (4) and Hill (2) show that Bacterium tunu- 
faciens migrates through the xylem vessels of the host. Hill indicates that 
the bacteria migrate vertically both upward and downward on gaining 
entrance to the lumen of the vessel after the wall is broken. It is the pur¬ 
pose of this note to report investigations conducted to ascertain the man¬ 
ner, direction, and rate of migration of Bad. tumefaciens in the xylem 
vessels of tobacco. 

Since Bacterium tumefaciens is dependent upon the rupture of the walls 
of a cell to gain entrance to the lumen, a special inoculation technique was 

1 Contribution from the Department of Botany, The Pennsylvania State College, No. 
70. Published with the approval of the Director of the Agricultural Experiment Sta¬ 
tion as Technical Paper No. 47S. 

2 Investigation by Win. 11. Brittingliam. 
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developed for the study of migration through the vessels. A scalpel was 
ground until it was narrow, flat, two-edged, and tapering to a point. By 
inserting this instrument into the shoot at right angles to the stem axis, 
it was possible to cut several vascular bundles and bring bacteria into con¬ 
tact with many severed xylem vessels. An effort was made to introduce a 
maximum dosage of bacteria in each inoculation. By regularly cutting 
pieces of the stem so that the puncture was nearer one end than the other, 
the part above the point of inoculation could be distinguished from the 
portion below . 

In every section studied numerous zoogloeae were found in the xylem 
vessels both above and below the puncture. The tips of these zoogloeae 
revealed in longitudinal sections of the stem were both rounded and ir¬ 
regular in outline. In those of irregular outline there w*ere frequently 
several lobes or advancing points. This type of zoogloeal tip is character¬ 
istic of zoogloeae occupying relatively large spaces, as has been shown by 
Haber (1) and Hill (3). 



Fiq, 1. Transverse section of stem of tobacco showing vessels whose lununa are occupied 
* by ehogloe«e of Bacterium turntfacunn. 

The rates of migration in the vessels were determined from the study 
of the transverse sections (Fig. 1). Since all of the sections were each 12 
microns in thickhfess, ft was ?asy to calculate the maximum distance from 
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the puncture which the zoogloeae advanced in the period preceding fixa¬ 
tion. It was found that within 15 minutes the zoogloeae advanced 2.378 
mm. through the xylem vessels above the puncture and 2.161 mm. through 
the vessels below the puncture. 

COMPARISON OF BEHAVIOR OF BACTERIUM TUMEFACIEXK IN 
TISSUES OF VARIOUS PLANT HOSTS 3 

In connection with a study (2) of Bacterium tumefaciens in the tissues 
of tomato, Lycopersicum esculcntum Mill., various other plant hosts, such 
as tobacco and castor bean, Ricinus communis L., were used as checks in the 
investigation. These have provided material for interesting comparisons 
of the behavior of the parasitic organism in the various hosts. 

The zoogloeae of the parasite correspond in size and shape to the inter¬ 
cellular spaces they occupy. Thus in the intercellular spaces of the pith 
of the tobacco, which are much larger than those of the tomato, the zoogloeae 
are much larger than those in the corresponding position in the tomato; 
the advancing ends of the zoogloeae often are irregular, with several lobes 
or advancing points, while those in the narrow intercellular spaces of the 
tomato have rounded, blunt ends. Such irregular zoogloeal tips resemble 
those described above as occurring in the vessels of the tobacco. 

The anatomical structure of the host plant probably determines the 
path of migration of Bacterium tumefaciens through the tissues. This ap¬ 
pears to be particularly in evidence where there is considerable diversity 
in the structure of the various hosts. In the stem of the tomato plant there 
is a subepidermal layer of loose parenchyma tissue two or more cells in 
thickness, while the tobacco and castor bean have no such layers. In a 
former paper (2) it was shown that, following inoculation, the subepidermal 
layer in the tomato plant afforded a path of migration for the parasite. 
No zoogloeae were observed in the cortex proper of the tomato, although 
the pith tissue was regularly invaded by the zoogloeae, advancing into its 
intercellular spaces. In contrast with the situation in the tomato, the 
tobacco stem appeared to be invaded only by way of the intercellular tissues 
of the pith. A study of the migration of Bact. tumefaciens in the tissue 
of the castor bean, Ricinus communis , shows that the intereelluar spaces of 
the pith are regularly penetrated by the zoogloeae and that, in addition, 
zoogloeae penetrate the cortical tissue by way of the intercellular spaces 
but apparently not the subepidermal layer. The larger size of the inter¬ 
cellular spaces of the cortex of the castor bean, as compared with those of 
the tomato, is probably related to the use of this tissue as a path of migra¬ 
tion in the former and not in the latter host. Following inoculation, the 

8 Investigation by J. Ben Hill. 
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galls produced on these hosts in a given period are largest on the tomato 
and smaller on the castor bean and tobacco. The probability of a correla¬ 
tion between the location of the path of migration and the size of galls 
formed by Bact. tumefaciens in its various hosts is suggested by the ob¬ 
served variation in the relative sizes of galls produced on the different host 
plants as well as by the facts here presented in connection with the ana¬ 
tomical structure and the path of migration. 

COMPARISON OF THE MOTILITY OF BACTERIUM TUMEFACIENS IN 
CULTURE AND IN THE HOST TISSUE 4 

Another of the aspects of Bacterium tumefaciens which has been studied 
is its motility. The question arose as to whether the organism was, as E. F. 
Smith (5) says, “a. small, white, motile, polar flagellate, rod-shaped 
schizomycete ’ 7 and whether this could be said of the organism both in 
artificial culture media and in the zoogloeae in the tissues. 5 The technique 
of flagella staining was so uncertain that the hanging drop was used as an 
index of motility. Young tomato stems and beef broth were inoculated 
with a culture of the '‘peach” strain of Bact. tumefaciens. 

At the end of 18 hours bacteria in the hanging drop from the broth 
showed motility, but the plant juice, squeezed from the surface of the stem 
cut at the point of inoculation, showed many bacteria, all non mol He. 
These inoculations in broth and tissue were made simultaneously, and the 
drops observed in close succession. Over a period of 10 days, twenty-five 
to thirty observations all confirmed these findings. To make certain that 
the bacteria-like, nonmotile bodies seen in the plant juice in the hanging 
drop were bacteria, a plate dilution of a drop of the juice was made, and 
isolations into beef broth became motile at the end of 18 hours. These 
same bacteria had been nonmotile in the plant tissue 18 hours before. Also 
to show the presence of bacteria in the hanging drop of plant juice which 
showed no motile bodies, twelve tomato plants were inoculated directly 
with the expressed tomato juice, and galls were formed in every case. 

COMPARATIVE STUDY OF THE BEHAVIOR OF CERTAIN STRAINS OF 
BACTERIUM TUMEFACIENS IN PLANT TISSUE 6 

Investigations of various workers, particularly Smith (5), have shown 
the existence of a large number of strains of Bacterium tumefaciens which 

4 Investigation by Frances P. Gibbons. 

s This study was the result of a suggestion by I)r, H. R. Rosen, of the Univeisity 
of Arkansas, who, is conversation with the senior writer, expressed the thought that cer¬ 
tain parasitic bacteria may be nonmotile in plant tissue. 

« From a thesia submitted by Grace Weston Watts in partial fulfillment of the require¬ 
ments for the degree at Master of Science at The Pennsylvania State College, published 
with the approval of the^Dean of tl*e'Graduate School. 
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show a considerable range in virulence. Recent work by Hill (2) in cal¬ 
culating the rate of growth of the zoogloeae of Bad. tumefaciens has fur¬ 
nished a new method for a comparison of the strains of this organism. 

This investigation was undertaken to secure a comparison of certain 
strains of Bacterium tumefaciens and to determine whether any correlation 
exists between the virulence of these strains as expressed by gall formation 
and development and the rate of migration of the bacteria through the 
tissues. With preliminary work on the virulence of strains as expressed 
by the rapidity of gall formation as a basis, certain strains, showing a wide 
range of virulence, were selected for the investigation. 

For the preliminary studies, seedling tomato plants about 20 cm. in 
height were inoculated in the internodes between the cotyledons and the 
first leaves. Two inoculation punctures intersecting at right angles were 
made in each plant. Several plants were inoculated with each of the 
strains and observed daily for several weeks. After some information had 
been gained concerning the relative virulence of the strains as expressed 
by the rapidity of gall formation, three strains, peach, willow, and Wise. 
2004 were selected for intensive study. These strains represented the ex¬ 
tremes of the range of virulence. Of these, the peach strain gave macro¬ 
scopic evidence of its virulence by gall formation in from three days, at 
the earliest, to five days, at the latest. The galls produced by Wise. 2004 
and the willow strains vere slower in their development and never attained 
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Fig. 2. Stems of tomato showing galls produced by various strains of BacUrivm tumf- 
facicntt. Inoculation June 30, 1927. Photograph July 23, 1927. 

the size of those produced by the peach strain. These two latter strains 
were hardly distinguishable on the basis of the rate of their gall produc¬ 
tion, both the Wise. 2004 and the willow producing recognizable galls 
only after a period of five to twelve days. The largest galls were produced 
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on plants inoculated with the peach strain and the smallest on those in¬ 
oculated with the Wise. 2004 (Figs. 2 and 3). 7 

Since the tobacco plant provides better material for sectioning than 
does the tomato, the former was selected as a host in the study of the rates 
of migration of the strains selected for intensive study. For this phase of 



Fk., 3 Stems of tomato shoeing galls pioduced by \anous strains of Badmum tunu 
facum I iuk illation Julj 2b, 1927. Photogiaph August 23, 1927. 

* 

the study, inoculation with the peach, willow, and Wise. 2004 strains was 
accomplished by making a single stab with the needle. Microscopic study 
of these sections of the tobaeeo stems showed the zoogloeae located in the 
intercellular spaces of the pith. They were growing in most instances in 

7 Acknowledgments lore due Mr. C. W. Smith, College Photographer, for assistance 
m photography. 
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a vertical direction from the puncture. Zoogloeae were more abundant 
in the peach and willow than in the Wise. 2004 strain, although there 
seemed to be no difference in the size of the individual zoogloea of the 
different strains. 

When zoogloeae were located, measurements were made from the point 
of puncture to the remotest part of the zoogloeae. The rates of migration 
calculated (Table 1) are the result of the study not of one or two stems 

TABLE 1 .—The compaiative rates of movement of different strains of Bacterium 
tum( faciens t n tobacco stems 


Average distance Average distance Average distance 
penetrated in jH'netrated in penetrated in 

15 30 45 

min. min. min. 

.7608 mm. 2.13325 mm. 2.2288 mm. 

‘‘Wise. 2004 99 stiain .5068mm. .987 mm. 1.1593 mm. 

41 Willow* * stiain .5555 mm. .8194 mm. .79625mm. 


but of many sections from many stems representing several separate in¬ 
oculations. For example, the rate given in table 1 for the peach strain 
is an average of forty-nine separate measurements from ten or more in¬ 
oculations. When zoogloeae were found in identical positions on three 
successive sections, they were assumed to be the same zoogloea, and only 
one measurement was made, namely, that of the part that ended farthest 
from the puncture. Zoogloeae in the broken tissue at the edge of the 
puncture were not measured unless their remotest ends extended beyond 
the tissues disorganized by the puncture. Zoogloeae of peach, willow, and 
Wise, 2004 were found at distances from the point of puncture, varying 
from a fraction of a millimeter to several millimeters. 

In comparing the results of the studies on migration and those on the 
virulence of different strains as evidenced by the rapidity and size of gall 
formation, a direct correlation appears between the virulence of each strain 
and its rate of migration. In peach, for instance, a large gall is formed 
during a period of twenty to thirty days, and in Wise. 2004 the gall 
formed during the same period is almost negligible (Figs. 2 and 3). An 
inspection of the results of the studies on migration as indicated by table 
1 shows differential rates of migration for the three strains under con¬ 
sideration. These rates of migration are, in general, in direct correlation 
with the virulence of the strain as expressed by gall formation. The peach 
strain, which produces larger galls and forms them more rapidly than the 


B. turn* facials 


4 ‘ Pencil ’ 1 strain 
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other strains, has a more rapid rate of migration than Wise. 2004 and 
willow. This was true every time measurements were taken. 

Work done by Hill (2) shows that there is a decided decrease in the 
rapidity of the rate of migration of the bacteria as they continue their 
development in the host tissue. A similar decrease in the rate of migration 
is also found in this investigation. There is an interesting comparison 
between the rate of migration of the peach strain of Bacterium tumefaciem 
in tomato tissue as worked out by Hill (2), namely, 0.04 mm. per minute, 
and that of the same organism in tobacco tissue in this investigation, that 
is, 0.05 mm. per minute, in both instances computed from sections fixed 
15 minutes after inoculation. 

The Pennsylvania State College, 

State College, Pennsylvania. 
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THE ZOOGLOEAE OF BACTERIUM TABACUM AND THEIR 
RELATION TO THE PROBLEM OF THE MIGRATION 
OF BACTERIAL PHYTOPATHOGENES THROUGH 
THE HOST TISSUES 1 

J . B e x Hill* 

INTRODUCTION 

Within remit years several contributions have been made relative to 
the topic* of the migration of bacterial phytopathogencs through the tissues 
of the host. Nixon <12, 13) and Haber (8) showed that Bacillus 
amylocorus Burr, migrates in the form of zoogloeae through the tissues of 
the stem and leaf of the apple. Beach (4) described the zoogloeae of 
Badnium rujnae Gardn. and Kendr., parasitic in the tissues of the leaves 
and pods of the lima bean. Hill (9, 10) reported the presence of zoogloeae 
in Bad. tunufacinis Smith and Town, and the rate of migration in the 
tissues of the stem of the tomato. All of these authors have emphasized 
the importance of zoogloeae in relation to the migration of these organisms. 

Arthur fl), in 1880. in a study of the biology of Bacillus amylm'orus, 
considered the zoogloeae observed in liquid culture to be the most char¬ 
acteristic feature in the life history of that organism. Bachman (3), in¬ 
vestigating the migration of B. amylororus , said “the bacteria are sur¬ 
rounded by a film of liquid which it seems likely has been drawn from the 
cell sap.” 

Robinson and Walkden (19) and also Riker (Ifi, 17, 18) considered 
the migration of Bacterium tumefaciens . The former authors were pri¬ 
marily interested in other phases of the behavior of the organisms and 
the latter apparently had a misconception of the actual method of mi¬ 
gration of the parasite. 

When the earlier investigators, Atkinson (2), Beyerinck (5), Dawson 
(fi), Frank (7), Kny (11), Peirce (14). Prazmowski (13), Tschireh (21), 
and Ward (22) focused their attention on the nodule-forming bacteria of 
the legumes, among other questions they considered was that of the mi¬ 
gration of the causal organism. During the period between 1879, when 

1 Contribution from the Department of Botany, The Pennsylvania State College, Xo. 
60. Published with the approval of the Director of the Agricultural Experiment Sta¬ 
tion as Technical Paper Xo. 477. 

2 1 am indebted to Mrs. Helen D. Hill and to my colleagues in the Department of 
Botany at The Pennsylvania State College for criticism of this manuscript. Credit ia 
also due the College Photographer, Mr. Chas. W. Smith, for assistance in photography. 
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Frank (7) discussed the nodule-forming organism of the Leguminosac, 
Bacterium leguminosarum Frank ( Rhizobium radicicola Hiltner and 
Storner) ( Schizia leguminosarum Frank) ( Bacillus radicicola Beyerinck) 
(Pseudomonas radu % icola Moore), and 1902, when Peirce (14) described the 
migration of that organism in the bur clover, several investigators described 
the manner in which these bacteria pass through the root and nodule 
tissues of various legumes. Notwithstanding the confusion surrounding 
the whole question of nodules on the roots of legumes and the various 
opinions as to the nature and even the identity of the causal organism and 
the diversity of terms used in describing its advance through the tissues, 
there was considerable agreement among these early authors as to the actual 
path and method of migration of the causal organism. All agreed that it 
occupied a position within the lumina of the cells. The advance through 
the tissues was accomplished by some kind of filamentous mass or structure 
to which were applied different names, such as bacterial filaments, bacterial 
tubes, plasmodia, infection threads, infection hvphae, infection tubes, and 
zoogloeae. Smith (20) gave a fairly comprehensive bibliography on 
nodule-forming bacteria of the legumes but with very brief abstracts of 
the papers and with little attempt to correlate their ideas on migration. 
In the preparation of this manuscript all of the articles cited have been 
consulted. Though these early investgators entertained a variety of ideas 
as to the nature and identity of the causal organism of the nodules, many 
of them both figured and described their conception of the method of mi¬ 
gration of the organism. In several instances the organism is described 
as surrounded by a gelatinous matrix in the form of branching filaments 
wdiich penetrate the cell walls and pass from cell to cell. 

In the first studies on wild fire of tobacco, Wolf and Foster (23) re¬ 
ported that in the early stages of the disease the causal organism Bacterium 
tabacum Wolf anfl Foster occupies the intercellular spaces of the leaf of 
the host. In presentation of this report of the study of the zoogloeae and 
migration of the causal organism of the wild fire of tobacco, Bact. tabacum , 
in the tissues of its host, the objects are: To submit evidence which shows 
that another parasitic bacterium, though manifesting its presence in the 
plant tissues by symptoms quite different from some of the forms recently 
studied, migrates in a manner entirely comparable with those Other forms; 
to make comparisons of the zoogloeae of this organism w r ith those known 
in other*bacterial species; and to show the relation of these zoogloeal 
structures to the conception of bacterial migration by zoogloeae. 

INVESTIGATION 

Technique. The c&fore of Bacterium tabacum used in this investiga¬ 
tion was isolated from #atura^y»ilzfected tobacco seedlings grown in Lan- 



1930] 


Hill: Bacterium Tabacum 


189 


caster County, Pennsylvania, and was thoroughly tested and known to 
produce the disease. The microscopic study w T as based upon material both 
from the original natural infections and from infections through artificial 
inoculations on leaves of Nicotiana tabacum L. Inoculation of young 
vigorous leaves of cultivated tobacco, growing in the open during the 
summer months, was made from profuse growths of Bacterium tabacum 
on agar slants. A quantity of the inoculum was smeared on the leaf and a 
very fine inoculating needle was pushed through this mass into and com¬ 
pletely through the leaf. Material was fixed either in Flemming’s weak 
solution or in alcohol-acetic acid-formalin solution at intervals up to three 
days from inoculation. The material imbedded in paraffin w T as cut about 
12 microns in thickness both transversely and in a plane parallel with the 
epidermal surfaces of the leaf. Flemming’s triple stain gave good differ¬ 
entiation of both the bacteria and the matrix of the zoogloeae. 

The two main points in the technique for the study of the migration 
of any bacterial form in plant tissue are to secure the material at the 
proper stage in the migration and to modify the stains to secure the best 
differentiation of the bacteria and matrix in the tissues. With material 
grown in the open at summer temperatures, the period found best for 
showing evidence of migration of the bacteria in the wild fire of tobacco 
was from 48 to 72 hours after inoculation. 

Obsirvations. In the sections prepared from material fixed 24 to 36 
hours after inoculation, the bacteria can be seen growing in the mass of 
tissue lacerated by the needle. In the material fixed 48 to 72 hours after 
inoculation, the bacteria may be seen in the uninjured tissue surrounding 
the needle puncture. Zoogloeae have been formed and these penetrate 
the healthy tissues, passing through the intercellular spaces and in the 
early stages apparently doing little, if any, harm to the cells of the host 
(Fig. 1, A, II). After cells have been surrounded by bacteria for an un¬ 
determined period, plasmolvsis and disorganization of the protoplast are 
evident (Fig. 2, E). The tissue most frequently penetrated by the 
zoogloeae is that comjmsed of the parenchyma cells near the smaller 
vascular bundles of the leaf. Though bacteria were seen in some of the 
smaller vessels, the invariable injury of the latter leads to the belief that 
the bacteria gain entrance to vascular elements only when these have been 
ruptured. 

Microscopic study of the sections of tobacco leaves, fixed about 72 hours 
following their inoculation with Bacterium tabacum , revealed an abundance 
of the characteristically blunt rounded tips of the zoogloeae of the parasite 
arrested in place just as they pushed their way through the irregularly- 
shaped intercellular spaces of the mesophyll (Fig. 1, A, B; Fig. 2, C. D. 
E). The zoogloeae consist of bacteria surrounded by a matrix easily dif- 




Ki(> 1 A Section of a leaf of the tobacco \uotiana labatum t ut parallel with the 
epidermal lavcrs, showing the distribution of the bittern (Htutmum labtuum) as thtv 
iin«i<lc the healthy tissue# following inoculation The region is that of the nitsophvll 
<d) it cut to a small vascular bundle an tlonguted cell of which is shown nbo\t At thi 
lower left attention is directed to the two rounded tip# of the* zoogloeae About 12 r >0 
B Set turn cut through the same general regain as that shown in \ One of the 
zoogloeae of Bacttnum tabQrum is shown ad\ancing through the irregular inteieeUular 
spaces which lit adjacent 1$ and par illel with a vascular bundle* whose cells are shown 
in the upper right The tip of this zoogloea is enlarged and rounded ns it has advanced 
into a itlalivdv large intercellular space Three c haratteristically blunt and founded 
zoogloe cl tijwt art shown m the lower left and lower center of the figure About 12*»0 > 







Fi« 2 Various form** of znogloeae of Jiaclt mint tabacum within the irregular 
intercrllitlai spac^ of the* mesophvll of tho loaf. 

r A tiansAcrsc section of tho loaf of a tobac »o seedling naturally infected with 
“Wild Fir* ’ ’ The initial infeotion had apparently onuired on the upper surface of 
the leaf The bacteria had migrated outward and downward through the intercellular 
spates of the palisade layer, reaching the lower inesoph\ll wheie the zoogloea is shown. 
The zongloen has assumed the megulai shape of the inteicellular spaces of this region. 
Four blunt, lounded zoogloeal tips indicate the directions of migration of the bacteria. 
The cells of the mesopliyll lia\e nuclei cytoplasm and chloioplasts. The lower epidermal 
cells without chloroplasts aie shown below. About 1250 

I>. A section adjacent to a inseular bundle of the leaf with an elongated zoogloea 
occupying a short narrow mteicellular space parallel to the cells of the bundle. The 
rounded tip is shown about to enter a much larger intercellular opening. About 1250 x. 

E. A section through the mesopliyll of the leaf showing a zoogloea advancing into 
a relatixelv large intercellular space. The zoogloea has three advancing tips. About 
2500 x. _ 
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ferentiated by Flemming’s triple stain. In most instances the bacteria are 
stained red or purple, while the matrix shows a greater affinity for the 
orange G. The forms assumed by the zoogloeae indicate that the matrix 
is of a semifluid or jelly-like consistency and easily capable of a flowing 
movement. Apparently, they do not readily adhere to the walls surround¬ 
ing the intercellular spaces which they occupy. In this respect the be¬ 
havior of tiie zoogloeal mass is similar to that of a heavy fluid in a tube, 
the blunt rounded tips of the zoogloeae resembling the characteristic con¬ 
vex meniscus. Of interest also is the orientation of the bacteria with 
their long axes in the direction of the advancing tip which can frequently 
be observed where the zodgloea had pushed into a very narrow intercel¬ 
lular space (Fig. 1, B). Bacteria are more abundant in the older parts 
of the zoogloeae and fewer in the advancing tips (Fig. 2, E). In the 
older parts of the zoogloeae the bacteria become so crowded and stain so 
deeply that the matrix is often entirely masked. 

Probably the most conspicuous feature of the zoogloeae of Bacterium 
tdbacum in the tissues of the tobacco leaf is the presence of a large number 
of the rounded, blunt, advancing tips (Fig. 1, B; Fig. 2, C). A condi¬ 
tion similar to that illustrated in figure 1, B, is very frequently found. 
This phenomenon is probably associated with the labyrinthine intercellular 
spaces of the lower mesophyll of the leaf in which the organism is found 
and is merely its response to its opportunity for simultaneous growth in 
many directions. 

In the invasion of the large irregularly shaped intercellular spaces, the 
zoogloeae assumes the shapes of the cavities they chance to occupy (Fig. 
1, B; Fig. 2, C, D, E), so that an outstanding feature of the zoogloeae is 
the variety of forms which are found in the lower mesophyll tissues of the 
leaf. An unusual form of zoogloeal tip was seen where the structure had 
pushed out into a relatively large intercellular space. Under such condi¬ 
tions the advancing face of the zoogloea became irregular (Fig. 2, E) and 
frequently had several advancing points. 

COMPARISON OF BACTERIUM TABACUM WITH CERTAIN OTHER 
SPECIES OF BACTERIAL PHYTOPATHOUENES 

Some very instructive comparisons may be made among those species 
of bacterfal plant parasites the migration of which has been described. 
The most interesting features for vom{prison are tile nature and form 
of the zoogloeae and the relative rates of migration of the bacteria through 
the tissues of the .hos^. While there are many unsolved problems asso¬ 
ciated with the bacterW phytopathogenes, the features in which the pub¬ 
lished reports show grytest feeotd are the observations relating to the 
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physical properties of the zoogloeae, their responses to their environment 
in assuming the shapes of the intercellular spaces of the host tissues, and 
the relation of these facts to the general method of migration of those 
bacterial phytopathogenes which have been adequately investigated in re¬ 
gard to this feature of their behavior. 

The observation of Bacterium tabacum in the tissues of the tobacco 
leaf leads to the conclusion that its behavior is similar in all essential fea¬ 
tures to that of the species of bacterial plant parasites recently described. 
This organism migrates in the form of zoogloeae which, at least in the early 
stages of the infection, are confined to the intercellular spaces of its host. 
The lumina of cells mechanically injured may also be occupied by the or¬ 
ganism. The zoogloeae assume the shapes of the irregular spaces of the 
mesophyll and are, therefore, of so many forms that no one form may be 
considered as typical. The conception of the physical nature of the 
zoogloeae of Bart, tabacum based on their microscopic appearance agrees 
in all essential respects with that expressed by the recent workers (loc. 
cit.) concerning the zodgloeal structures in the species they studied; that 
is, the zoogloeae of Bad. tabacum consists of bacteria surrounded by an 
apparently gelatinous semifluid matrix and pass into the intercellular 
spaces of the tissues, where they assume the shapes of the cavities they 
occupy. 

Though the study of the rates of migration of parasitic organisms is 
interesting, their accurate determination is beset with considerable dif¬ 
ficulty. It must be realized that various inconstant environmental factors, 
such as temperature, moisture, and the condition of the host, must be con¬ 
sidered; since these affect the rate of growth, they may also be exacted 
to affect the rate of migration, which is probably a growth phenomenon. 
Differences in rates of migration may also be expected to characterize dis¬ 
tinct strains of parasitic organisms. The rate of migration determined 
for one strain of an organism, therefore, may not be the rate which another 
strain of the same species may show’. It is well known that the species 
of bacteria vary in many characteristics, such as the length of incubation 
period and the nature of the symptoms of the diseases which they produce. 
In the light of such know ledge, it may be expected that the various species 
Of bacteria will show’ variation also in their rates of migration. 

Bacterium tabacum migrates very slowly. It is extremely difficult to 
measure accurately the rate of migration of this parasite, since mesophyll 
tissue offers only a very crooked and irregular path. The fact that in 
this species advancing zoogloeae were found only in material fixed 48 to 72 
hours after inoculation may be regarded as an indication of a slower rate 
of migration as compared to that of Bact. tumefaciens in which migration 
is well under way within an hour following inoculation (10). 
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SUMMARY 

The causal organism of wild fire of tobacco, Bacterium tabacum , mi¬ 
grates in the form of zoogloeae in a manner comparable in all essentials 
with those species of parasitic organisms the methods of migration of which 
have been recently described. 

The rate of migration of Bad . tabacum is very slow as compared with 
that of Bad . tumefaciens . 

The Pennsylvania State College, 

State College, Pennsylvania. 

literature cited 

1. Arthur, J. C. History and biology of pear blight. Proc. Phila. Acad. Nat. Sci. 

38 : 322-341. 1886. 

2. Atkinson, Geo. F. Contribution to the biology of the orgauism causing leguminous 

tubercles. Bot. Gaz. 18: 157-166, 220-237, 257-266. 1893. 

3. Bachman, Freda M. The migration of Bacillus amylovorvs in the host tissue's. 

Phytopath. 3: 3-14. 1913. 

4. Beach, W. S. The relation of BacUnum viynac to the tissues of lima bean. Pa. 

Agr. Exp. Sta. Bui. 226. 1928. 

5. Beyerinck, M. W. Die Bacterien der Papilionaceenknollehen. Bot. Zeit. 46: Col. 

726-735; 758-771; 782-790 and 798-803. 1888. 

6. Dawson, Maria. Nitragin and the nodules of leguminous plants. Philos. Tran*. 

Roy. Soc. London [1898]. Ser. B 192: 1-28. 1900. 

7. Frank, B. Uel>er die Parasiten in den Wurzelanseh well ungen der Papilionaeeen. 

Bot. Zeit. 37: Col. 377-388 and 393-400. 1879. 

8. Haber, Julia Moesel. The relationship between Bacillus amylovorus and loaf ti* 

sues of the apple. Pa. Agr. Exp. Sta. Bui. 228. 1928. 

9. Hill, J. Ben. The method and rate of migration of Bacterium tumcfacu ns in to 

mato. (Abst.) Phytopath. 18: 129. 1928. 

10. -. The migration of Bacterium tumefaciens in the tissue of tomato 

plants. Phytopath. 18; 553-564. 1928. 

11. Kny, L. Zu dem Aufsatze des Herren Prof. B. Frank “Ueber die Parasiten in den 

Wunselanschwelliingen der Papilionaeeen. * 9 Bot. Zeit. 37: Gol. 637-541. 1879. 

12. Nixon, E. L. Migration and transformation of Bacillus amylovorus in apple tissue. 

(Abst) Phytopath. 16: 77. 1920. 

13. -. The migration of Bacillus amylovorus in apple tissue and its effect 

on the host cells. Pa. Agr. Exp. Sta. Tech. Bui. 212. 1927. 

14. Peirce, George J. The root-tubercles of bur clover ( Medioago denticulate Willd.), 

and of some other leguminous plants. Proc. Calif. Acad, of 8cL 3rd Ser. Bot. 
* 3: 295-328. 1902. 

15. PRAXSIOtorSKi, A. Das Weeen und die b>#ogische Bedeutung der Wurzelknolclien der 

Bzbse. Ber. a. d. Sits. d. Akad. Krakau, Bot. Centbl. 39: 356-362. 1889. 

16. Rmat, A. J. Some relations of the crown gall organism to its host tissue. Jotff. 

Agr. Bes. ft: *19-132. 1923. 

17. -■ Sofcfee morphological responses of the host tissue to the crown gall 

organism. Joui^ Agr. Bofc it: 425-435. 1923. 



1930 ] 


Hill: Bacterium Tabacum 


195 


18. -. Cytological studies of crown gall tissue. Amor, Jour. Bot. 14: 25- 

37. 1927. 

19. Bobinson, Wilfred, and H. Walkpkn. A critical study of crown gall. Ann. Bot. 

37: 299-324. 2923. 

20. Smith, Erwin F. Bacteria in relation to plant diseases. Vol. 2, 368 pp. Carnegie 

Inst. Washington, 1911. 

21. TSCHIRCH, A. Beitmge zur Kcnntniss der Wurzelknollchen der Leguminosen. Ber. 

Deut. Bot. Qesell, 5: 58-98. 1887. 

22. Warp, H. M. On the tubercular swellings on the roots of Vida faba. Philos. Trans. 

Boy. Soo. London (1887]. 8cr. B 178 : 539-562. 1888. 

23. Wolf, F. A., and A. C. Foster. Tolmcco wildfire. Jour. Agr. Res. 12: 449-458. 

1918. 




BOOK REVIEWS 


Comparative Morphology of Fungi. By Ernst Albert Gaumann 
Translated and revised by Carroll William Dodge. McGraw-Hill Book 
Company, New York, 1928. Gaumann’s “Vergleichende Morphologic dcr 
Pilze” was a noteworthy contribution to mvcological literature in bringing 
together the advances of forty years in a field of fertile research. The 
announcement of an English translation was therefore most welcome. 

Dodge's work is a revised translation. The sequence of the orders of 
the Basidiomycetes has been rearranged in accordance with Gaumann’s 
suggestions in the original book. More or less extensive revisions have been 
made in the treatment of the Tuberales, the Laboulbeniales, the Polyporales, 
and the Gasteromycetes. Minor changes occur throughout the book. One 
outstanding feature of the whole work is that Dodge has taken the liberty 
to change a sentence, a paragraph, or a section without indicating that it 
is different from the original except by stating in a most general way in 
his preface to the American edition that he has rewritten certain sections 
and corrected ambiguities in the original text. In a translation, an ac¬ 
curate rendition of the original author’s ideas is exacted of the translator 
and it would seem best that differences of opinion or corrections be given 
in authenticated footnotes. As it stands the book can scarcely be called 
Dodge’s; neither does it accurately represent the original Gaumann. 

Translation of so extensive a work is a laborious and tedious task and 
any one undertaking it deserves much commendation. It is greatly to be 
regretted that more time was not taken for correction of typographical 
errors and for critical reading. When this sentence, “Diese Auffassungen 
bieten (unter der Voraussetzung, dasz die Protobasidie wirklich eine 
urspriingliche Form der Basidie ist) den Vorteil, dasz sie in den Uredineen 
das gesuchte Verbindungsglied zwischen den Aseomyceten und den Basi- 
diomvceten schaffen: letztere hatten sich aus ersteren fiber uredineenahn- 
liche, saprophytische lebende Formen entwickelt" (page 452) is rendered 
thus, “These conceptions (assuming that the phragmobasidium is originally 
a form of basidium) offer the advantage that they create in the Uredinales 
the sought-for link between the Ascomycetes and the Basidiomycetes; the 
latter had developed from the former through the rust series to the sapro¬ 
phytic forms” (page 587) one loses confidence in the accuracy of the En¬ 
glish he is reading. 

Frequent mistranslation of words, typographical errors, and ambiguous 
sentences which lose their meaning by too literal translation and omission 
of essential words or phrases make an understanding of some parts of the 
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text very difficult. Examples of mistranslations are “flagsmut” for 
“Flugbrand” (page 596), “next” for “zunachst” (page 52), “shortly 
before” for “kurz nach” (page 81), “swelling sporangiospore” for 
“Sporangiospore bei schwacherer Vergroszerung” (page 96), “fuse” for 
“vermengen” (page 274). Typographical errors are more serious and 
numerous than one would expect in a work of this sort; for example, 
“sexual” instead of “asexual” (page 117), “conidia” instead of “core- 
mia” (page 177), “aplanogametes” instead of “planogametes” (page 17), 
“zoospores” instead of “oospores” (page 62). The chapter on the 
Laboulbeniales, where the author has wholly abandoned the language of 
the original and has rewritten the text in a clear and forcible manner, 
stands in sharp contrast to the other chapters which are presumably free 
translations. There is a disconcerting lack of consistency in carrying 
through the whole work the author’s general theme of the development of 
the dicaryophase in the fungi, where Dodge inserts without comment the 
work of certain authors not treated by Oaumann; for example, Elliott’s ac¬ 
count of the nuclear behavior in Ceratostomella fimbriata (page 262). The 
interpolations of the translator are not always accurate: for instance, at¬ 
tributing to Sadebeck the separation into Exoacus of the species of the 
Exoascaceae with 4- to 8-spore asci and into Taphrina of those in which 
the spores bud in the ascus (page 164). 

Gaumann’s work has been one of the outstanding contributions in the 
field of modern mycology. He has assembled a vast amount of mycological 
data and presented them with remarkable clarity in an orderly sequence. 
He has made valuable contributions on the significance of the dicaryophase 
as a distinguishing characteristic in the phylogeny of the fungi. If Dodge’s 
revised translation will serve to bring this contribution more generally to 
the knowledge of American readers it will serve a useful purpose.—Lor ike 
Dosdall, University Farm, St. Paul, Minn. 

A Monographic Study of Sweet-Potato Diseases and Their Control. By 
L. L. Harter and J. L. Weimer. United States Department of Agricul¬ 
ture Technical Bulletin 99, 117 pages, 24 figures, 26 plates. Washing¬ 
ton, D. C. 1929.—In recent years the ever-increasing tendency toward 
crop specialization among plant pathologists has become more and more 
pronounced. Coincident with and as a natural outcome of this develop¬ 
ment, the publications on a given' subject have become increasingly scat¬ 
tered, thus working hardships upon the specialist whose library facilities 
are limited. The obvious solution of the difficulty is the publication of 
monographic studies of the diseases of individual crops by those whose per¬ 
sonal investigational work and library facilities qualify them as specialists. 

Ihssmncb «« «fcv+rm*ri»nlagy in its broadest aspects knows no political 
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boundaries, it is quite fitting and proper that the United States Department 
of Agriculture should take the initial step in the issuance of individual 
crop-disease monographs. In presenting to plant pathologists “A Mono¬ 
graphic Study of Sweet-Potato Diseases and Their Control,” by L. L. 
Harter and J. L. Weimer, the Federal Government has recognized a need 
and has taken such measures as fall within its province to mitigate the 
bibliographic conditions of less fortunate plant pathologists. 

Harter and Weimer, as a result of over sixteen years of research de¬ 
voted mainly to sweet-potato diseases, are admirably qualified for the re¬ 
sponsibility of monographing the diseases of this crop, the second most 
important vegetable in the United States. They have brought together 
within the confines of 117 pages all the important available data on the dis¬ 
eases of sweet potatoes—now spread in the literature of over twenty coun¬ 
tries and in more than seven languages—and have condensed and correlated 
certain heretofore unpublished data of their own. 

The major divisions of the bulletin are made on the basis of the causal 
agency involved—fungi, nematodes, and physiological diseases or those of 
unknown cause—and their control. Each of these is further subdivided 
into important and minor diseases of field and storage. 

Each disease is exhaustively treated in much the same general man¬ 
ner. The history of the malady, its geographical distribution and economic 
importance, the symptoms, and the causal organism are fully described. 
If the cause is not known, a discussion is given of the factors contributing 
to the presence of the disease and.their possible etiological relation. Of 
special interest—and one of the most valuable portions of the bulletin— 
are the treatments of the causal organisms involved in the several dis¬ 
eases. These are thoroughly discussed from the stand points of historical 
taxonomy, pathogenicity, morphology, life history, and dissemination. 

Where a disease is of importance in both field and storage, the former 
phase has received the principal discussion and is only sufficiently reviewed 
with reference to the storage aspect to orientate the disease* and its causal 
organism in the reader’s mind. 

The discussion of the control measures has been left for a major section, 
since the same methods or modifications of them are applicable to all. The 
control of the field diseases of the sweet potato is recommended through 
exclusion of diseased seed stock from foreign countries by means of ade¬ 
quate quarantine regulations, through inspection and certification of 
domestic seed and plants, through the use of disease-resistant varieties in 
so far as such may exist or may in the future be developed, and through 
eradication by following approved agricultural practices and seed treatment. 
Elimination of disease through thorough inspection of the harvested crop 
and the selection of disease-free stock for seed purposes, the proper methods 
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of digging and handling, the correct management of the storage house and 
the stored crop, and the fumigation—ill-advised at best—of sweet potatoes 
in storage are covered in the discussion of control of storage diseases. 

Among the new or little-known diseases covered in the monograph, the 
following may be mentioned: Mottle necrosis, caused by Pythhum tdtimum 
and P. sderoteichum ; rootlet rot, caused by P. uUimurn ; a leaf spot caused 
by Septoria bataticola ; a leaf spot caused by a species of Altemaria; rust, 
caused by Coleosporium ipomoeae, with an account of its parasite, Monospo- 
rium uredinicolum ; leaf spot, caused by Cercospora bataiae; damping off, 
attributed to a species of Sclerotinia similar to S. minor ; a foot rot caused 
by Macrosporium solani ; growth cracking; fasciation; intumescence; 
sunscald; minor storage diseases caused by Mucor racemosus, Alternaria 
sp., PenicUlium sp., Botrytis dnerea , Epicoccum sp., GibbercUa saubinrtii ; 
Fusarium culmorum, F. acuminatum , Trichoderma kontngi, and Sclcro- 
tinia sp.: and minor reports on about twenty other fungi which have, in 
the course of years, been isolated from sweet potatoes. 

The unusually clear and well-selected illustrations, of which there are 
fifty—24 text figures and 26 plates—.show the smallest characters of the 
many diseases. 

A bibliography of 211 titles, including all the important known publi¬ 
cations on sweet-potato diseases, as well as many supporting papers, is 
appended. 

In this monographic study of the diseases of a single crop, the authors 
have done a commendable piece of work, enormous in scope, exhaustive in 
treatment, and—what is most important—simply, though none the less 
scientifically, written. It is to be hoped that similar monographs will be 
forthcoming for other crops and that, later, following the accumulation 
of new data, revisions will be made so that the current usefulness of the 
works may not be lost through becoming out of date.—W. A. Whitney, 
Washington. D. C. 
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STUDIES IN THE GENUS PHYTOPHTHORA IN MYSORE 
I. Heterothallic Strains of Phytophthora 

M. J. Narasimhani 
INTRODUCTION 

Sexuality in the genus Phytophthora is a subject which has recently 
attracted considerable attention. As is well known, in certain species such 
as, for example, Phytophthora infestans (Mont.) de Bary and P. arecae 
(Coleman) Pethyb., oospore formation is a rare occurrence in pure culture 
and it has not yet been observed in nature. Other species, on the contrary, 
such as P. pha&eoli Thaxt., form oospores readily both in nature and in pure 
culture, while in a few, such as P. erythroseptica Pethyb., oospores seem to 
be the predominant reproductive body when the organisms are grown in 
pure culture. 

The conditions under which oos]>ores develop in Phytophthora spp. have 
not been fully determined. Clinton (5) sought first to prove that oospore 
production was dependent on the presence of male and female mycelial 
strains. With this object, he attempted to obtain single-spore cultures of 
P. phaseoli by plating melted agar containing the spore-bearing mycelium 
shaken through it. Since the resulting colonies ran into one another, Clin¬ 
ton could not be sure that he was dealing with single-spore cultures. When 
grown on favorable media, these individual colonies developed oospores, but 
whether this was due to homothallism or to the mixing of rayeelia from two 
colonies he was not sure. Clinton (6) was able to obtain oospores by grow¬ 
ing P. infestans and P. phaseoli together. Gadd (9) obtained a number of 
strains of P. faberi Maub. occurring in Ceylon on various plants such as 
cacao (pods), papaya (fruit and stem), Hevea (pods), Artocarpus incisa 
L. (fruit), Dendrobium MacCarthiae Thw., and Odontadcnia speciosa 
Benth. All the cultures were started from single sporangia. All possible 
combinations of two strains were grown on agar slants. In general, oospores 
were produced when any of the first three strains (cacao group) were grown 

1 The writer wishes to acknowledge his indebtedness to Dr. Leslie C. Coleman, Direc¬ 
tor of Agriculture in Mysore, for the encouragement and helpful suggestions given in the 
course of the investigation. 
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with any of the other four (rubber group). Any two strains of the same 
group did not form oospores when grown together. This separation into 
two groups showed, however, some exceptions. According to Gadd, the 
Dendrobium strain never formed oospores with the two papaya strains, nor 
did the bread fruit strain with that obtained from papaya fruit. 

Lester-Smith (10), working along similar lines, obtained oospores in cul¬ 
tures of cacao, West Indian cocoanut, and cotton strains, when each was 
grown with P. parasitica Dastur. Ashby (1) found that large oospores 
were formed when P. cinnamoni Bands was grown with P. parasitica and 
with strains of P. cryptogaea Pethyb. & Laf. Recently, Ashby (2), work¬ 
ing with a large number of strains of P. palmivora Butl. (P. faberi Maubl.), 
adopted Gadd’s grouping, viz, “cacao” and “rubber” strains. Nine 
strains of the cacao group, when grown in paired cultures with fourteen 
strains of the rubber group, were found to produce oospores, the exceptional 
case being that the Citrus strain from the Philippines, when paired with the 
cocoanut strain from India, did not produce any oospores, although these 
strains belonged to two different groups. 

The present investigation was originally undertaken with the object of 
ascertaining what relationships, if any, exist between the various forms 
which the author has been able to collect in Mysore. During the course of 
this investigation interesting observations have been made on the sexuality 
of these forms, the preliminary results of w f hioh form the subject of this 
paper. 


PHYTOPHTHORA STRAINS OCCURRING IN MYSORE 

A brief report of the various Phytophthora strains occurring in the area 
where the ravages of P. arecat on arecanut are rampant has already been 
given by the writer (12). A short description of these strains and the 
symptoms produced by them follows. 

1. Phytophthora on Santalum album L. Shedding of the leaves, which 
show brown patches, is a prominent feature of the disease produced by this 
fungus. The tender shoots, flowers, and fruits are all affected. Sporangia : 
41 p x 25.9 p. Sexual bodies not found in nature nor in cultures. 

2. Phyt&pKthora on Loranthus longiflorus Dear. Parasitic on Mangifera 
indica L., Eugenia jambolana Lam., etc. This is also of very wide occur¬ 
rence. Affected leaves turn rusty brown. Sporangia; 42.5 p x 32.8 p. No 
oospdres found either in nature or in cultures. 

3. Phytophthora on Jatropha curhas L. The disease appears as brown 
patches on the fruit which later turns black. This is the commonest form 
in the area as4hepe plants serve as hedges for paddy fields. Sporangia: 
37.8 p x 26.7 p. Cidamydoepores (28 - 29 p) are found in large numbers on 
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the fruits and in cultures. In oat-agar cultures the aerial mycelium prac¬ 
tically fills the tube. The fungus answers to the description of P. jatrophae 
Jens. (P. faberi type.) No oospores ioxind in nature nor in cultures. 

4. Phytophthora on BryophyUum calycinum Salisb. The disease ap¬ 
pears as round patches on the leaves, often spreading in concentric rings 
Sporangia: 42.5 \x x 26.2 p. Oospores occur both on fallen rotting leaves 
and in cultures. 

5. Phytophthora on Artocarpus integrifolia L. Almost every tree in the 
area is affected by this disease which causes the shedding of leaves and rot¬ 
ting of the tender inflorescences. Sporangia small, round. Oospores found 
in abundance on the affected inflorescences. In oat-agar cultures the aerial 
mycelium is not at all prominent, only oospores and no sporangia being 
formed. Sporangia are, however, formed if the fungus is grown on steri¬ 
lized flies in distilled water, as in the case of P. erythroseptiea Pethyb. 

6. Phytophthora on Colocasta antiquorum Schott. Probably P. colo- 
casiae Rac. Oospores not found in nature and rarely in oat-agar cultures. 

7. Phytophthora on Ficus hispida L. (Wild Fig). This strain is not 
of very wide occurrence. Only the fruits are affected and these drop. 
Sporangia ellipsoid, with prominent crown-like papillae. Oospores found 
in large numbers on the fruits and in cultures. 

OOSPORE PRODUCTION IN THE ARECA, SANTALUM, LORANTHUS, AND 
JATROPHA STRAINS 

These first four strains of Phytophthora, viz, P. arecae and the San- 
talum, Loranthus, and Jatropha curcas strains, form oospores rarely or not 
at all in nature or in culture and were selected for further study. Neither 
Coleman (7) nor the writer has ever observed oospores of P. arecae in 
nature or in oat-agar cultures. They were obtained by Coleman in a set of 
cultures, wherein fresh aseptically-taken arecanuts were placed in Roux 
tubes and inoculated with mycelium of P. arecae . It is not unlikely that 
material from these particular cultures was sent to Rosenbaum (13) who 
reported the presence of oospores in his cultures of P. arecae . A possible 
explanation for this phenomenon is indicated in the course of this paper. 
The writer has examined many affected arecanuts and oat-agar cultures but 
has never observed oospores at any time. For the present and pending 
further work, P. arecae is taken as a nonoospore-forming strain. Prelimi¬ 
nary trials in which the mycelia of P. arecae and the Santalum Phytoph¬ 
thora were grown together on oat-agar were made with the result that 
oospores formed where the mycelia met. With the idea of making a careful 
study of this phenomenon, single-spore cultures of the four Phytophthora 
strains were made. 
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Malt-agar tabes inoculated with zoospore suspensions werfe ponied into 
plates and the xemlting growths from single spores were picked with the aid 
of a binocular microscope. Zoospores for these cultures were obtained by 
placing in sterilized water bits of mycelium from different tube cultures so 
as to ensure a fairly representative sample. Twenty-five of such single¬ 
spore cultures of each of the four Phytophthora strains under consideration 
were started in oat-agar tubes. It seemed certain that single-zoospore cul¬ 
tures formed a surer basis for work than the single-sporangium cultures of 
other workers, as the sporangium may contain a number of zoospores with 
possibly different genetic constitution. 

All possible combinations of two of these various strains were grown 
together. At first the two bits of mycelium from single-spore cultures were 
grown in roll-tube cultures and examined under the microscope. Although 
the danger of contamination is minimized by this method, it has the disad¬ 
vantage that the thin film of the medium dries up after a time. Later cul¬ 
tures were all made in small Petri dishes on oat-agar or French-bcan agar. 

Single-spore cultures of the Areca strain when grown with those of the 
Santalum strain always produced oospores. If a single-spore culture of P. 
arecae and one of the Santalum strain are sown an inch apart on French- 
bean agar, the beginning of oospore formation may be observed on the third 
day at the junction of the two mycelia, while on the fourth or fifth day, a 
brownish line indicates the area of oospore production (Fig. 1, A). It is 
interesting to compare this and subsequent figures with those of Blakeslee 
(3) for plus and minus strains of Mucor and those of Olausscn (4) for the 
heterothallic strains of Pericystis alvei A. D. Betts, which causes a disease 
of bees known as “Kalkbrut.” Under similar conditions, oos|>ore forma¬ 
tion, accompanied by the development of a brown line, was observed when 

TABLE 1.— Oospore-formation reaction resulting from joint culture of dtfftrxng strains 
of Phytophthora on oat-mtal and French bean agar 


Strains grown together Oospore formation Oospore size 


Areca 

13* x S 

11 

+ 

30-31 ja 

it 

13 x L 

11 

- 


n 

13 x J 

12 


26-27 ii 

a 

13 x A 

11 

- 


Sant&lnqo 

11 x L 

11 

+ 

30-31 j* 

4* 

11 x J 

12 

- 


1 4 

11x8 

14 

- 


Lo ran thus 

11 x J 

12 

+ 

29-30 |i 

H 

11 x L 

14 

- 


Jatrojafca 

6 x J 

12 

- 



* Numbers indicate sinflrle-Kxna strains. 
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Fi(i 1, A Paired >mgle spore culture of the Areia (A 11) and Santalum (S 11) 
strains Dark line m the middle indicates area of ooepore formation Photograph taken 
nine da\s after starting culture B Paired singlt spore culture of Loranthus (L 11) 
and Santalum (S 11) strains, showiug dark line at the juncture of the two mycelia 
Photograph taken five days aftc r starting culture C Paired single spore culture, six 
days old, of the Areea (A 13) and the Loranthus (L 11) strain** No formation of dark 
line D Paired single spore culture of t*o Loranthus strain** No formation of dark 
line All photographs, except B, taken with illumination from below 

single-spore cultuies of the Loranthus and Santalum strains (Fig 1,B), 
the Loranthus and Jatropha strains (Fig 2, B), and the Areea and Jatropha 
strains (Fig 2, C) were grown together 

In no case was oospore formation observed when single-spore cultures of 
the Areea and Loranthus strains (Fig 1, C) or the Santalum and Jatropha 
strains (Fig. 2, A) were grown together 















FiOw 2, A. Paired single-spore culture of the Santalura (8. 11) and Jatropha 
(J. 12) strains of Phytophthora. Culture six days old. No formation of dark line. B. 
Paired single-spore culture, five days old, of the Loranthus (I*. 11) and Jatropha (J. 12) 
strains of Phytophthora, showing dark line. C. Paired single-spore cultures of the Areca 
and Jatropha strains of Phytophthora, showing dark line in the middle. D. Two paired 
single-spore Jatropha strains. Bubstage illumination for all photographs except A. 


PROOF THAT ARECA STRAIN PRODUCES ANTHER1DIA ; SANT ALUM 
STRAIN, OOtiONIA 

In studying the derails of the oospores, staining with Sudan III accord¬ 
ing to &tratburger’s method was found to give excellent results. When 
mounted in glycerine gelatine, the oospo#es retained the stain for about two 
months. Lohnis (11) pointed out that Sudan III could be used as a differ¬ 
entiating stain for the mycelium of Phytophthora in tissues, while other 
. fungi do not take this stain. The oosnores were always of the amnhieynotu 
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Fl«r. 3, A. Culture of two tangle spore strains of P. arecae. B. Culture of two 
single spore Santalum strains Xo formation of dark line m A and B. C. Paired single¬ 
spore culture of the Areca and parasitica strains Formation of dark line is prominent. 
Culture Bix days old P Paired single spore culture of the Santalum and parasitica 
strains. Xo formation of dark line Bubstage illumination for photographs except B. 

tyj>e, the anthcridia and oogonia being borne on different thalli. Since the 
oospores are formed at a place where the two thalli interlace, forming a net¬ 
work, great difficulty was experienced in determining which strain bears the 
antheridium and which the oogonium. This difficulty was partly overcome 
by cheeking the rapid advance of the two colonies by the following method: 

Two strips of mica with tiny holes were so placed vertically at the bot¬ 
tom of the Petri dish as to intervene between the two spore sowings. It was 
found that the mycelium which grew through the holes in this barrier was 
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Fig. 4, A. Single-spore cultures of the Arcca (A. 10), Santalum (8. 14), Loranthus 
(L. 7), and Jatropha (J. 4) strains so placed that a dark line formed at the place of 
union of each pair. B. Culture of the same four strains, arranged differently to show 
the formation of dark bands between strains of opposite sex only. No formation of dark 
line, either between the two male strains (above) or the two female strains (below). 
C. Paired culture of single-spore strain of P. arecae and P. mcadxi. Formation of dark 
patch in the middle ean be seen. D. A portion of the dark line shown in figure 1, A, 
low-power magnification, showing numerous oospores. Photographs illuminated from 
below except in C. 


sparse enough to facilitate observation. When the Areca and Santalum 
strains were thus grown together, it was observed that the antheridia were 
borate on the mycelium bf the former and the oogonial incepts could be 
traced to the mycelium of the latter (Fig. 5, A). 

Up to the present, the work done has related to four strains of Phy- 
tophthora whieft formally do not produce oospores either in nature or in 
cultures. ThiihcdBPtional case wherein oospores were reported in P. arecae 
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by Coleman (7) may perhaps be explained by assuming that the Areca and 
Santalum strains have by some chance found their way into the culture If 
we take into consideration the fact that these two strains of Phytophthora 
are found in close proximity in nature, breaking out almost at the same 
time, such a possibility is not excluded. How far such a mingling of these 
two strains occurs in nature is yet to be determined. 

OOSPORE PRODUCTION IN PHYTOPHTHORA PARASITICA AND P. MEADH 

Through the kindness of Mr. W. McRae, Imperial Mycologist, Research 
Institute, Pusa, cultures of P. jxirasitica and P. meadii were obtained. 
Though oospores had been reported previously in these two Phytophthoras 
by Dastur (8) and McRae, respectively, no oospores developed either in the 
tube cultures originally received or in our subcultures. Probably these cul¬ 
tures had lost the power of forming oospores, as has been reported - in. other 
species of Phytophthora by various workers. 

TABLE 2 .—Showing results obtained by pairing P. parasitica and P. meadii with the 
Areca, Loranthus, Santalum, and Jatropha strain! 


Strains grown together Oospore formation 


Areca 

X 

parasitica 

+ 

l^oranthus 

X 

parasitica 

+ 

Santalum 

X 

parasitica 

- 

Jatropha 

\ 

parasitica 

* 

Areca 

X 

meadii 

i- 

Loranthus 

X 

meadii 

+ 

Santalum 

X 

meadii 

- 

Jatropha 

X 

meadii 

- 


It therefore appears that Phytophthora parasitica and P. meadii resem¬ 
ble the Santalum strain in that they form oospores when paired with either 
the Areca or the Loranthus strain. 

DISCUSSION OF RESULTS 

The results given above seem to indicate quite clearly that heterothallism 
exists in some species of Phytophthora. Before attempting to evaluate the 
results obtained, it is necessary to consider whether, in an oospore-forming 
or apparently homothallic species, two sexual strains, male and female, 
actually exist. Clinton (5) attempted to separate two such strains in the 
case of P. phaseoli, grown in pure culture, but was not able to obtain definite 
results. Whether homothallism exists in certain species here under inves¬ 
tigation is a question now being studied. 
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Fig. 5, A. Photomicrograph showing the mycelial relationship m formation of an 
oospore in a paired culture of the Areea and Santalum strains. (A) Mycelium of the 
Areca strain attached to the anther idiom and (8), the mycelium of the Santalum strain 
attached to the oogomal incept Photograph taken directly from a Petri dish culture. 
B. Photomicrograph of an oospore formed in a paired culture of the Areca and Santalum 
strain* x 900. O* Photomicrograph of an oospore formed in a paired culture of the 
Areea anjl Jatropha strains x 900. 

The behavior of the three strains, A&ca, Loranthus, and Santalum, can 
be explained if we suppose that the first two are male and the third, female. 
Oospores always formed when the Santalum strain was grown with either 
of the other two, Imt Zander no conditions were they formed when the Areca 
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and Loranthus (male) strains were grown together. As stated above, the 
mycelium of the Areca strain has been shown to bear the antheridia when 
single-spore cultures of this strain are grown along with the Santalum 
strain. 

Lester-Smith (10), working with cultures of various strains of P. 
palmivora paired with P. itaraxitica, held the view that a normal strain of 
P. palmivora was potentially bisexual and that, in mixed cultures, “a low 
rate of metabolism characterized by low water content and a different 
ratio of food materials” induced by the presence of a competing organism, 
resulted in the development of oospores. This view does not explain why 
oospores are produced only when certain strains are paired. 

While it is probable that some change in the media takes place where 
two oospore-forming strains meet, as evidenced by the brown coloration, it 
cannot be definitely said whether this is due to some sort of staling sub¬ 
stance or to the thick brown walls of the oospores. The results obtained, 
however, seem to show clearly that the formation of oospore is due not to 
any effect of growth on the medium but to the union of two strains of oppo¬ 
site sex. 

That the Areca and Loranthus strains are male and the Santalum strain 
is female is supported by the results obtained from the crosses made with 
P. parasitica and P. nuadii, in which oospores were formed only when these 
species were grown with the Areca and Loranthus strains and not with the 
Santalum and Jatropha strains. The cultures of P. parasitica and P. 
vuadii used in this work probably contained only female strains of mycelia, 
but a careful microscopic examination of the cultures, such as has been car¬ 
ried out in the case of the Areca-Santalum combination, will have to be made 
before this question can be definitely settled. These two species, though 
originally bisexual and able to produce oospores, had lost their power of 
forming them when received from Pusa by the writer. This loss of the 
power to produce oospores in culture was observed by Clinton (5), Rosen¬ 
baum (13), and Dastur (8). Clinton was of the opinion that in cultures 
of P. infestans which failed to show oospores in culture the male mycelium 
had deteriorated, since the oogonia appeared more frequently than an¬ 
theridia on oat-agar. 

The interesting question remains as to whether, in the cases observed, we 
have to do with male and female strains of the same species or whether the 
oospores arc the hybrid product of the union of male and female strains of 
different species. While the question requires very much more thorough 
investigation than has yet been possible, it seems probable that we have had 
both phenomena under observation. 

The Santalum and Areca strains are morphologically almost indistin¬ 
guishable. Their growth in culture media is different, however, the San- 
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talum strain being slower in growth and exhibiting much less aerial myce¬ 
lium. The oospores resulting from a union of the two strains are of the 
same dimensions (30-31 p) as those observed by Coleman (23-36 p) and 
Rosenbaum (29.45 p to 31.49 p) for P. arecae. 

If, as seems highly probable, either the male or femab strain may dis¬ 
appear during culture on artificial media, leaving only tlj# <^her, it would 
seem to be not too violent a stretch of the imagination to ^ yture a similar 
occurrence on natural hosts so that, for example, we migj^> ^iave the male 
strain growing normally on Areca and the female strati ,on Santalum. 
These two host plants are found in sufficiently close proxb • y to allow for 
the occasional transfer of zoospores of one strain to the otht |jost plant and 
mingling of mycelium in this host, thus accounting for th • . jwasional pro¬ 
duction of oospores in the field and in culture, as noted ^both Coleman 
and Rosenbaum. Experiments to test this possibility are t ,\,,present under 
way. ' , 

In the case of oospore formation induced by the union v . arecae with 
P. parasitica, it would appear more probable that we 'e to do with 
hybridization. The oospores in this case appear to be m or less inter¬ 
mediate in size (24-25 p) between the oospores of P. parasi l and P. arecae 
as given in the literature. The further investigation of th ; nteresting pos¬ 
sibility through the germination of oospores and the stu of subsequent 
generations will be taken up immediately. ii .» 

The observations that have been presented in this pap are admittedly 
of a preliminary character. It has, however, been definite .stablished that 
the formation of oospores in paired cultures of two separ •>, strains results 
from a union of the two strains which can be distingui ^d as male and 
female. In these cases oospore formation commences in t Sr four days. 
It has further been shown that where two male sti \reca and 

Loranthus) are grown together no oospores are formed. ’.y, where 

two female strains (Santalum and Jatropha) arc grown to ..o oospores 
are formed and in this case, we are apparently dea g with female 
strains of two different species. All the evidence so far collected supports 
Gadd’s view that we are dealing with heterothallic forms of which the msS 
and female strains have become more or less definitely isolated or. different 
host plants. The possibility tfcat absence of oospore formation in nature or 
loss of it in culture, so commonly met with in this genus, is due to the loss 
of one pr other of the two sex strains and not to any external ee ’itions 
merits seriofcs investigation. 

SUMMARY 

In addition to J Fkytophthora arecae, seven strains of Phytophtho/a were 
collected in Mysot^ decurring on Santalum album L., Loranthus longiflorus 



1930] 


Nabasimhan : Phttophthoba 


213 


Desv., Jatropha curcas L., Bryophyllutn calycinum Salisb., Artocarpus 
integrifolia L., Colocasia antiquorum Schott, and Ficus hispida L. 

Single-spore cultures of four of these strains, viz, those on Areca, San- 
talum, Loranthus, and Jatropha, were obtained and grown in paired 
cultures. 

When sin» lore cultures of the Areea or Loranthus strain were grown 
with any of tl of the Santalum or Jatropha strain, oospores were formed 
at the junctur f the two mycelia, the area being indicated by the forma¬ 
tion of a brro ne. 

Oospores < not develop when Areca and Loranthus strains or San¬ 
talum and Ja‘ ha strains were grown together, nor was there any forma¬ 
tion of the br line. 

When the ca and Santalum strains were paired, the antheridia were 
traced micros* 'ally to the mycelium of the Areca strain, the oogonia to 
that of the St rtalum strain. 

The view i *Beld that oospore formation is the result of the fusion of 
heterothallic si >4ns, the Areea and Loranthus strains having the male 
mycelia and tK v Santalum and Jatropha strains the female mycelia. 

Cultures of'?} parasitica and P. mcadii , which had lost their capacity 
for oospore foniCttion when grown with a male strain, such as P. arecae, 
readily formed Vtfcspores, but did not, when grown with a female strain, 
su^ as the one 01 Santalum. It is possible that the male strain in each of 
the cultures ha^^en lost or had deteriorated. 

The possibilK^of the two sexual strains becoming isolated on different 
host plants in *nfcture is indicated as an explanation for the absence 
of oospores in sofcfe of the Phytophthoras. 

Departmei* * ^4* Agriculture, 

Mysorb |%te, India. 
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POTATO BLACKLEG: THE SURVIVAL OP THE PATHOGENE 
IN THE SOIL AND SOME FACTORS INFLUENCING 
INFECTION 1 

J. G. Leach 2 

Although Appel (1) in his extensive investigations of potato blackleg 
presented evidence indicating that the pathogene could overwinter in the 
soil, many investigators in later years have reached opposite conclusions. 
Morse (12) after nine years of investigation, stated that “observations in 
Maine indicate that under the climatic conditions which exist there, infected 
seed potatoes are the sole source of infection and distribution and that the 
disease does not live over winter in the soil.” Pethvbridge (17), in 1912, 
expressed the opinion that the pathogene did not overwinter in the soil in 
Ireland. The sporadic appearances of the disease in the field and the abun¬ 
dant evidence that the pathogene is transmitted in seed tubers apparently 
have caused many people to assume, without sufficient evidence, that the 
pathogene does not survive in the soil. 

The first attempts made in the United States to answer this question ex¬ 
perimentally were made by Rosenbaum and Ramsey (19), who worked in 
Aroostook County, Maine, and at Norfolk, Virginia. They placed tubers 
thoroughly rotted by the blackleg pathogene in the soil in October. The 
following spring they planted disinfected tubers in the rows where the dis¬ 
eased tubers had been placed the previous fall. These tubers grew normally 
and no blackleg appeared They were also unsuccessful in their efforts to 
reisolate the pathogene from the decayed tubers or from the soil about them. 
They stated that “In no case, therefore, w T as the blackleg organism found 
to live over a winter in the soil or in the tubers remaining in the soil.” 

In 1919 Ramsey (18) reported the results of additional experiments 
made in Aroostook County, Maine. Half-pint glass jars were filled with 
soil and 15 ce. of a virulent culture of Bacillus utroscpticus van Hall were 
poured into the top of each jar. One set of jars was overwintered out-of- 
doors, buried 5 inches in the ground; another set was kept in a cool base- 

* Published with the approval of the Director as paper No. 886 of the Journal Series, 
Minnesota Agricultural Experiment Station. 

* Some of the work rej>orted in this paper w as done while the author was a Fellow 
of the International Education Board, working in the laboratories of Dr. Sydney Paine, 
Imperial College of Science and Technology, London, England, and Dr. C. St&pp, Bio- 
logische Reichsanstalt, Berlin-Dahlem, Germany. The author expresses to them his ap¬ 
preciation for the facilities provided as well as for their helpful criticism and the many 
courtesies shown him. 
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meat. In the spring “dilation plates were made from the jars and all 
favorable looking colonies were tested for pathogenicity upon cut slices of 
potato tuber. ” None of the cultures isolated was found to be pathogenic. 

Two additional experiments were made in which healthy tubers were 
planted in pots and watered frequently with broth cultures of the pathogene. 
All plants so treated remained healthy during the growing season, and at 
harvest time the tubers were free of rot. The author concluded that “These 
two experiments tend to show that unless the seed piece is infected at plant¬ 
ing time, there is little chance that uninjured plants will contract the disease 
even though the causal organism is washed about the stem and root system.” 

Apparently, these negative results have been accepted as conclusive by 
most American workers in plant pathology. This is indicated by the fre¬ 
quency with which it is stated in extension literature that the pathogene does 
not survive in the soil and that infected seed stocks are the sole source of 
infection. 

Stapp (21) has recently published the results of his extensive investiga¬ 
tions on potato blackleg. He has demonstrated the ability of the pathogene 
to survive exposure to the winter conditions in Germany, both as a pure 
culture on agar and in the remains of infected tubers or vines buried in the 
soil. He did not, however, attempt to isolate the pathogene from the soil 

During the past five years considerable evidence has been obtained by 
the writer that the blackleg pathogene can and does survive in the soil under 
the severe winter weather conditions which characterize Minnesota. He has 
also obtained evidence to show that the negative results obtained by Rosen¬ 
baum and Ramsey (19) and Ramsey (18) do not in any way prove that the 
organism does not survive in the soil. 

In 1926 (10) the writer described his efforts to produce the disease by 
seed-piece inoculation. A large number of tubers were artificially inocu¬ 
lated with a virulent culture of the pathogene and were incubated in a moist 
chamber until a considerable portion of each tuber had decayed. When 
these partly rotted tubers were planted in the soil under conditions favor¬ 
able for germination, the decayed portions were walled off by a layer of 
wound cork and the disease developed no further. These experiments have 
been continued for the past three years with similar results. A few black¬ 
leg plants have appeared in the plots planted with such inoculated tubers, 
but the percentage has always been extremely small. In experiments ex¬ 
tending over five years and including over 2,0® seed pieces, the increase in 
the amount of blackleg developing from inoculated tubers as compared with 
that developing in the check plots was less than one per cent. 

When we consider tbs dfityculty of producing the disease by the methods 
used In these experiments, it. is obvious that the failure of the disease to 
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develop in the experiments of Rosenbaum and Ramsey (19) and Ramsey 
(18) does not prove that the bacteria are unable to survive in the soil. On 
the other hand, it shows that the bacteria, even if present in great abun¬ 
dance, are unable to infect an uninjured seed piece. The writer has re¬ 
peated the experiments of Rosenbaum and Ramsey and has obtained similar 
negative results, but he is forced to interpret them differently. 

Rosenbaum and Ramsey (19) and Ramsey (18) attempted to isolate the 
bacteria in the spring from soil heavily inoculated the previous fall but were 
unable to do so. The writer has repeated these experiments also, but, by 
using a suitable technique, it has been possible to isolate the blackleg patho- 
gene not only from such inoculated soil but also from several samples of soil 
taken at random from potato fields in early spring before the appearance of 
the disease. Rosenbaum and Ramsey evidently poured dilution plates from 
the soil and attempted to isolate the organism by picking out “favorable 
looking colonies/’ When one considers the great number of bacteria which 
inhabit most soils and the similarity of their appearance on agar, it is not 
surprising that they did not succeed in reisolating the pathogene. Realiz¬ 
ing this difficulty, the writer proceeded in the following manner. About 
one gram of the soil to be tested was thoroughly mixed with about 10 cc. of 
sterile beef-extract broth. This suspension was used for inoculating several 
surface-sterilized tubers by the “hole and plug’’ method previously de¬ 
scribed (10). After incubation in a moist chamber for four or five days a 
considerable amount of decay had developed. This decay was quite unlike 
that resulting from a pure culture of the blackleg pathogene and advanced 
much more slowly. It was usually accompanied by a foul odor and fre¬ 
quently gas production was evident. Most of the decayed tissue was next 
removed with a scalpel and a small portion at the margin nearest the sound 
tissue was removed with a sterile needle and used for inoculating a second 
lot of tubers or tuber slices. When these had started to decay, a third lot 
were inoculated in the same manner. Usually the virulence of the inoculum 
increased with each successive inoculation, and after three or four transfers 
the decay w*as quite typical of blackleg. When a small amount of freshly- 
decayed tissue from the fourth or fifth inoculation w r as used for pouring 
separation plates, little difficulty was experienced in isolating a vigorously 
pathogenic culture similar in all respects to the culture used for inoculating 
the soil 

Patel (15), by using crystal violet bile agar as a selective medium, has 
recently demonstrated that the organism may survive the winter in sterilized 
and nonsterilized soil in Iowa. In this connection should be mentioned also 
the experiments of Kotila and Coons (9). They thoroughly inoculated non¬ 
sterilized soil in wooden pails in the fall and allowed part to overwinter in 
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a greenhouse and part out-of-doors. In the spring “instead of attempting 
the almost futile task of isolating the organism from the soil by the plating 
method, raw tuber slices were inoculated with small portions of the soil, thus 
allowing the tuber slices, the natural host, to do the selecting. One hundred 
and eight tuber slices were inoculated. . . . After five days, rotting was evi¬ 
dent on a few slices and after a still longer incubation period, it was ob¬ 
served that ninety of the possible 108 tuber slices were rotting. It should 
be recorded that from the soils which were used as inoculum in this experi¬ 
ment, there were produced on the potato slices mixed cultures of bacteria 
and fungi, and that some of the slices showed discoloration not entirely dis¬ 
similar to the blackening which appears on tubers from blackleg. It is to be 
noted that a long time period elapsed before rotting began, many times 
greater than the regular period for blackleg bacteria to produce rot. Certain 
soil fungi, and associated bacteria, are capable of producing discoloration and 
rotting of tubers and these are likely to have been responsible for the rotting 
in this experiment. Attempts to isolate the blackleg organism directly from 
the rotting slices or from plants inoculated from the discolored tuber slices 
resulted in failure. It is doubtful,therefore, if any of the rotting was of the 
B. atrosepticus type. The conclusion, therefore, seems justified that under 
the conditions of this experiment, the blackleg organism did not overwinter 
in the soil, either in the greenhouse or out-of-doors." 

In the opinion of the present writer, the above conclusion is not entirely 
justified. Kotila and Coons (9) show in this same paper that when tuber 
slices are inoculated with a very small quantity of bacteria no decay is evi¬ 
dent before five days, while, when large quantities are used, the decay ap¬ 
peared in two days. Now it is to be expected that the blackleg pathogcne, 
after overwintering in nonsterilized soil in competition with the natural soil 
flora, would be reduced to relatively small numbers. But, when such mate¬ 
rial is used as inoculum, they conclude, because the resulting decay is slow 
in appearing, that certain soil fungi and bacteria were responsible for the 
decay. In view of his own experiments, the writer is quite confident that 
had they continued their selective inoculations further they would have been 
able to reisolate the pathogene with little difficulty. 

Both sterilized and nonsterilized soils have been used in the writer’s over¬ 
wintering experiments. Periodic isolations have shown that the relative 
abundance of the bateria decreases so rapidly in nonsterilized soils that after 
a few days it » difficult to reisolate the pathogene without resort to the 
selective mffihod described above. In sterilized soils the decline is much 
slower and the bacteria are relatively abundant after many months of 
exposure. v 

Coons and Kotila (4) isolated a bacteriophage from the soil and con¬ 
cluded that in all prbbabffity it flayed a prominent part in the decline of 
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B . atrosepticus and B. carotovorus in the soil. The writer has not worked 
with this bacteriophage, but it is evident that whatever factor may be re¬ 
sponsible for the decline, it does not result in the complete elimination of 
the blackleg pathogene. 

Many workers have pointed out that the blackleg pathogene is resistant 
to low temperatures. Jennison (7) exposed the organism in sterilized soil 
for 24 hours to a temperature varying from - 28° C. to - 6.7° C. without 
any apparent injury. In the writer's experiment the bacteria have been 
exposed in sterile and nonsterile soils for an entire winter, during which the 
temperature was as low as -25° F. and remained below 0° F. for 
long periods. Although the bacteria apparently were reduced in abun¬ 
dance, some of them were not killed and they were readily reisolated. 

Many investigators have called attention to the sensitiveness of the black¬ 
leg pathogene to desiccation. Morse (12), Smith (20), and others have 
shown that the organism is killed in a few hours if dried on the surface of 
glass at room temperature and humidity. Jennison (7), on the other hand, 
states that it is quite resistant to drying and remains long viable on plain 
beef agar. Kotila and Coons (9) found that, when dried on silk threads, 
the organism would survive four days, while, under the same conditions, it 
died w r ithin a few hours if dried on the surface of cover-glasses. They refer 
to the work of Giltner and Langworthy (5), who have shown that many non¬ 
spore-bearing bacteria are able to survive in air-dried soils for long periods, 
but Kotila and Coons did not report any experiments of this type. In so 
far as the writer could learn, no experiments have ever been reported in 
which the survival of the pathogene in dry soils has been tested. It was 
decided, therefore, to attempt to find out how long the pathogene would sur¬ 
vive in soils stored in atmospheres of different degrees of relative humidity. 
Before this experiment was started a sample of soil was found in the labora¬ 
tory which had been collected from a potato field near Crookston. Minnesota, 
and had been kept for more than a year in a loosely covered cardboard box. 
The soil was thoroughly dried and had a moisture content of 1.98 per cent. 
By using the selective method of isolation a vigorously pathogenic culture 
was isolated from this soil which in all salient characters was identical with 
authentic cultures of the blackleg pathogene. This alone wiuld indicate 
that the organism is able to survive at least a year in very dry soil. How¬ 
ever, it was decided to make additional tests under controlled conditions. 

Two types of soil were used, one the soil from Crookston, Minnesota, 
mentioned above, and the other a rich garden loam from a garden near Lon¬ 
don, England. The pH value of the former soil was found to be approxi¬ 
mately 7.5 and of the latter 5.8. Each sample was oven-dried and then 
finely pulverized. Fourteen five-gram samples of each soil were prepared 
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and put into small test-tubes which were then plugged with cotton. Two 
tubes of each type of soil were placed in each of seven large-mouth bottles, 
the bottoms of which were padded with glass wool. The bottles were then 
plugged with cotton, placed in an autoclave, and sterilized at 20 pounds 
pressure for three hours on three successive days. Representative samples 
of the soil were then tested in broth and found sterile. Each tube was then 
inoculated by adding one cc. of a 24-hour broth culture of the black¬ 
leg pathogene. 

Solutions of sulphuric acid and distilled water were prepared according 
to the table given by Stevens (22) for the production of relative humidities 
of 0, 9, 18.5, 38.0, 60.7, 80.5, and 100 per cent. One hundred cubic centi¬ 
meters of these solutions were put into their respective bottles and the bot¬ 
tles were then coiked, sealed with paraffin, and placed m a dark cupboard 
at room temperature. At intervals of approximately one month the soil in 
each of the tubes was tested for the presence of the pathogene by inoculating 
a tube of sterile broth with a loopful of soil. Two or more of the cultures 
obtained each time were tested for pathogenicity on potato tubers. The ex¬ 
periment was begun October 17, 1927, and was terminated June 15, 1928. 
On January 2, 1928, all the tubes were removed from the bottles and 
wrapped tightly in several thicknesses of wrapping paper and were kept in 
a handbag until January 12, when they were placed in bottles over fresh 
sulphuric-acid solutions. Unfortunately’, no provision was made for deter¬ 
mining the rate of desiccation, but the moisture contents of the soil samples 
were determined at the close of the experiment. It was evident from obser¬ 
vation that the moisture content of some of the samples did not reach equi¬ 
librium until after December 21. Although the soils were very’ dry at the 
close of the experiment, it is possible that they would have become drier had 
the experiment been continued longer. 

In testing the viability of the organism no counts were made to deter¬ 
mine the numbers of bacteria present. It was obvious, however, that in the 
drier soils the bacteria were rapidly diminishing in number. This was indi¬ 
cated by the increased length of time required for the clouding of the broth 
and by the fact that on April 12 and June 15 it was necessary to use larger 
quantities of the drier soils before growth was obtained in the broth. 

From the results of this experiment it is evident that the organism may 
survive in the soil under very dry conditions. 

It remained viable in soils dried eight months over concentrated 
sulphuric acid. At the end of this period*the moisture contents of the two 
soils were only 0.45 and 0.25 per cent These results contradict the popular 
assumption that the bla&leg pathogene is exceptionally sensitive to desic¬ 
cation. They afre, however, in accord with those of Giltner and Langworthy 
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(5) who found nonspore-forming bacteria surviving in soil moisture of less 
than one per cent. It seems extremely unlikely that any agricultural soil 
would in nature become so dry that the blackleg pathogene could not 
survive. 

In comparison with the soil tests, a parallel series of tests were made 
with the silk-thread method described by Peltier (16) in his study of Pseu¬ 
domonas citrt. It was found that the bacteria were killed in less than 24 
hours in all degrees of relative humidity under 100 per cent. Goss (6), in 
1923, reported briefly that “Investigations on the viability of B . phytoph- 
ihd'us under various conditions of temperature and moisture have shown 
the organism to bo very susceptible to desiccation. At 100 per cent humid¬ 
ity the organism remains viable for at least 8 days at all temperatures from 
5° to 30° C. At 90 per cent humidity with a temperature of 25° C. it re¬ 
mained viable for only 3 hours. At 80 per cent humidity with the same 
temperatures the organism lived for only one hour.” By personal corre¬ 
spondence it was learned that Goss used the silk-tbread method to obtain 
these results. The w riter a results obtained by this method agree with those 
reported by Goss, but it is exident that the results obtained with its use are 
not a reliable indicator of the resistance of the bacteria to desiccation in the 
soil. 

It is difficult to say just w’hat the factors are which enable the organism 
to sumve in such extremely dry soil. Giltncr and Langw r orthy think that 
the traces of hygroscopic moisture ever present about the soil particles are 
partly responsible, but they think there must be other factors. The water 
held by the soil colloids must certainly be of some importance. The very 
slow rate of drying in soils, which allows the bacteria time for becoming 
adapted to the dry conditions, is also a factor not to be overlooked. 

The facts here presented force one to the conclusion that the blackleg 
pathogene can and does survive in the soil and is possibly very wide-spread 
in its occurrence, although no extensive survey has been made. When one 
considers this in connection with what has been demonstrated concerning the 
methods of infection in potato blackleg, it is realized that the incidence of 
the pathogene may not be so important in the development of the disease as 
are the proper conditions for inoculation and infection. 

Kotila and Coons (9) have demonstrated by soil- and water-culture in¬ 
oculations that “the usual method of blackleg infection is not through 
either injured or uninjured roots,” The writer has repeated and verified 
these experiments. He has also examined hundreds of plants affected with 
blackleg in all stages of development, with the view of determining the ave¬ 
nue of infection; and, in more than ninety-nine per cent of the cases ob¬ 
served, the infection originated in the seed piece. As has been shown in a 
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previous paper (11), infection may be systemic in some cases, the seed tubers 
having been produced on diseased plants and infected through the decaying 
stolons. In other cases it can be proven that this type of infection is not 
involved. In some of these cases the seed-corn maggot has been shown by 
Leach (10) and Bonde (3) to play an important part as a common and 
effective agent of inoculation. It has been shown also that the insect can 
and frequently does disseminate the pathogene with its eggs. It appears 
from the facts presented here that this insect might also pick up the organ¬ 
ism from the soil and successfully inoculate the seed pieces. On the other 
hand, although the pathogenic bacteria may be in the soil in great abun¬ 
dance, they usually are unable to infect the seed pieces without the aid of 
some such agent of inoculation, which enables them to penetrate the layer 
of wound cork formed by the seed piece. 

If the conclusion that the blackleg pathogene survives in the soil is cor¬ 
rect we would expect seed pieces planted under conditions inhibitory to cork 
formation to be more subject to the disease than those planted under more 
favorable conditions. There is abundant evidence to show that this is true. 
It is a matter of common observation that blackleg is most destructive in 
heavy, moist soils. 

Morse (12) states that “more blackleg is observed in wet than in dry 
seasons” and that “all other things being equal, the disease is more likely 
to occur in wet than in dry soil, and is more prevalent when the early part 
of the growing season is characterised by abundant rainfall.” He also de¬ 
scribes one example in which the disease was first noted “near the center of 
the affected area from which it gradually spread outward. The season had 
been excessively wet, and this area coincided with a low, undraincd j>ocket 
or depression in the field, where water would stand for a few hours after 
each heavy rainfall.” 

Murphy (13) says “more diseased plants are found in low-lying parts 
of a field than in higher.” One example is given in which “It was found 
in extensive counts that there were three blackleg plants in the low-lying 
area to one in the higher. ” 

The writer has made numerous observations of similar nature, and any 
one who has studied the disease to any extent will agree that outbreaks of 
the disease very frequently occur in water-logged soils. Where attempts 
have been made to explain ibis relationship, emphasis has been put on the 
growth requirements of tlur pathogene and very little attention has been paid 
to the influence of such conditions on the seed tubers. As pointed out above, 
it ha$ been aaflMdl generally that the pathogene is very susceptible to desio-' 
cation and that mA moist amis were especially conducive to its growth. 
Without doubt such conditions ate favorable to the growth of the pathogene 
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which is a facultative anaerobe, but, at the same time, one should not over¬ 
look the influence of water-logged soils on the formation of wound cork by 
the seed pieces. That abundant oxygen is necessary for the development of 
cork in the potato tuber has been shown by Kny (8), Appel (2), Olufsen 
(14), and others. It is obvious that excessive moisture in the soil inhibits 
cork formation, but apparently there are no records of a careful study of 
the phenomenon. 

In order to obtain a more accurate measure of this influence, freshly cut 
Early Ohio tubers were planted in a scries of jars or cylinders of quartz 
sand, each of which was held at a different moisture content. In the jars 
with the higher moisture contents, water was supplied from the bottom, and 
the differences in water content were obtained by varying the water leveL 
In the drier jars, the water was supplied through Livingston atmometers 
buried in the center of the jar, sealed, and connected to a bottle of water 
by a rubber tube. The differences in moisture content were obtained by 
varying the height of the jar above the bottle of water. On the 1st, 2nd, 
4th, 6th, and 8th days after planting, a tuber was removed from each jar 
and the cut surface was examined for the presence of wound cork. Sections 
were cut on a sliding microtome, stained in Sudan III, and mounted in 
glycerine for microscopic examination. In this way a very good idea of the 
effect of excessive soil moisture on the cork formation was obtained. 

It is realized that the conditions of the experiment were not comparable 
in all respects to those in nature, for the influence of a given moisture con¬ 
tent would vary’ with the type of soil. The results obtained show only the 
relative effect of different degrees of moisture and not the absolute effect of 
a given moisture content. 

The experiment was made during the month of March when the tubers 
were no longer dormant. The results, as indicated by the amount of cork 
formed by the eighth day, are given in table 1. 

The progress of healing as observed in the experiment agreed closely 
with the process described by previous investigators. During the first 48 
hours the walls of the outer layer of cells became infiltrated with a dark 
brown substance which apparently makes them impervious to water. These 
cells do not readily stain with suberin stains. This process, sometimes 
termed “ blocking,” is considered a form of suberization and is inhibited by 
exclusion of oxygen. Beginning about the third day, under favorable con¬ 
ditions, the starch disappears from and cross walls are formed in the second 
or third layer of cells beneath the wounded surface. These walls all lie 
parallel to the wounded surface. It usually requires from 8 to 10 days for 
the formation and suberization of these new cells which make up the new 
periderm. It will be noted that in this experiment an excessive amount of 
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TABLE 1 .—The influence of the amount of moietwe in the eoil on the amount of wound 
corlc formed by out potato tubers in eight days 


Pot no. 

Moisture content 
in per cent 

Outer cells 

New cross walls 

No. 

No. suberized 

1 

Less than 1 

Suberized 

2-4 

2 

2 

2.39 

do 

5-8 

3 

3 

5.91 

| do 

-5-8 

3 

4 

7.88 

do 

5-8 

3 

5 i 

9.38 

1 do 

4-6 

2 

6 1 

12.03 

Lightly suberized 

1-4 

None 

7 

12.59 

do 

i-4 

do 

8 

14.75 

Not suberized 

None 

Outer cells 

i 


1 l 

s 

autolyzed 


moisture resulted in a decided retardation or complete inhibition of these 
processes. In the more moist cylinders, not only was there no suberization 
or cell division, but the cells became soft and mushy, evidently because of 
asphyxiation and resulting autolysis. 

Since the blackleg pathogene is a faculative anaerobe and may sun ive 
in the soil, it would seem that under such conditions infections could easily 
arise from the soil. It is very probable that such infection is largely respon¬ 
sible for the greater abundance of blackleg in excessively wet soils and in 
unusually rainy seasons. Of course, it is realized that the problem is not 
so simple as a consideration of these factors alone would imply. Certainly 
there are other factors which, acting under different conditions, would be of 
primary importance in determining the development of the disease. These 
are, however, not considered in the scope of this paper. 

The marked influence of oxygen on wound-cork formation and on infec¬ 
tion by the blackleg pathogene was further demonstrated by the following 
experiment. Several potato tubers were inoculated with a pure culture of 
the blackleg pathogene by the ‘‘hole and plug” method. The inoculated 
tubers were divided into three lots and placed in three separate moist cham¬ 
bers. The first container was a 3-gallon earthenware crock with a fairly 
loose-fitting top. The moisture was supplied by a layer of wet cotton on the 
bottom of the crock. The second was a large glass desiccator with a close- 
fitting top. The lower section was filled with water, and the inoculated 
tubers‘were suspended oi^iMrire platform above the water. The third con¬ 
tainer was similar to the grand but differed in that a stream of fresh air 
was drawn through the dJHtttor by means of two glass tubes sealed in the” 
top -of the \^|eL .The a$ffnfet tube extended to a point just below the 
tubers so that the air was drawn about the tubers and then removed from 
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the top. The air current was supplied by a suction pump and the air was 
bubbled through two flasks of water before it was drawn into the moist 
chamber. Saturation of the air in the chamber was insured by keeping the 
water in these flasks a few degrees warmer than the temperature in the 
chamber. In this way the warm, moist air was slightly cooled on entering 
the chamber and precipitated moisture was visible on the sides of the vessel 
throughout the duration of the experiment. The moist chambers were 
placed side by side on a table at room temperature. 

In the first container the loose-fitting top permitted sufficient inter¬ 
change of air to cause some fluctuation and variation in relative humidity, 
although it probably closely approached saturation at all times. The oxy- 



Fig. 1. The influence of oxygen supply on infection and decay of potato tubers by 
the blackleg puthogene. A. Tubers incubated in moist chamber with loose fitting top. 
B. Tubers incubated in moist chamber with close fitting top. C. Tubers incubated in 
a moist chamber m saturated atmosphere but with a constant supply of fresh air. 

gen supply in the crock was soon consumed by the respiring tubers and was 
not entirely replaced by diffusion through the leak in the top. 

In the second container the air was saturated with moisture at all times, 
but the oxygen consumed in respiration could not be replaced. 

In the third container a saturated relati\e humidity combined with abun¬ 
dant oxygen supply prevailed. 

After four days of incubation two tubers were removed from each con¬ 
tainer and cut in half to determine the amount of decay. These tubers are 
shown in figure 1. It will be seen that the tubers in the first two containers 
were badly decayed, while those in the container receiving a constant sup- 
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ply of fresh air had not decayed at all. The decayed tissue of the tubers 
incubated in the closed desiccator was almost pure white, showing only traces 
of browning along the margins. The influence of the limited supply of oxy¬ 
gen available in the crock was evident in the darker color of the decayed 
tissue of the tubers incubated in the crock. 

Microtome sections were cut through the inoculated portions of the 
tubers shown in figure 1 and were examined for wound cork. Photographs 
of these sections are shown in figure 2. It was found that an abundance of 



Pig. 2. The influence of oxygen supply on wound cork formation by tuber inocu 
luted with the blackleg pathogene and incubated in moist chambers. A. A photo 
micrograph of a section of the infection court of the tutors shown in flgute 1, A. B. 
The same for figure 1, 0. 

wound cork had been formed by the tubers incubated in a constant supply 
of oxygen but that none had formed in the other tubers. 

This experiment was repeated several times and it was found to be almost 
impossible to rot tubers with the blackleg pathogene when they were 
given a constant supply of fresh air, even when incubated at the optimum 
temperature and in a saturUpmtmosph ere. 

The influence of oxygen on infection and development of blackleg de¬ 
cay, as brought out in this experiment, should be of some practical impor¬ 
tance "in the storage of potatoes. It is limited, however, in its application 
by the fact that the constant re pi accident of oxygen stimulates respiration 
and the resulting sprouting of the tubers. 

An appreciation of this relationship is also of significance in expeii- 
mental work. It has been observed, for example, that when a single tuber 
is inoculated and placed alone in a large moist chamber it will frequently 
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escape infection. On the other hand, if the moist chamber is filled with 
tubers so that the oxygen supply is soon exhausted by respiration, practi¬ 
cally 100 per cent infection is obtained. A failure to recognize this influ¬ 
ence of the oxygen supply may have been responsible for many of the vari¬ 
able results reported in literature dealing with bacterial decay of potato 
tubers. 

SUMMARY 

1. The pathogene causing potato blackleg can and commonly does sur¬ 
vive the winter in the soil in Minnesota. 

2. The conclusion of earlier workers that this organism could not survive 
the winter in the soil is not justified. Their conclusion was based on nega¬ 
tive evidence which loses its force in the light of recent investigations on the 
methods of infection. 

3. The pathogene is resistant to the very low temperatures of a Minne¬ 
sota winter. 

4. Experiments in which the organism was dried slowly in soils proved 
it to be extremely resistant to desiccation. The conditions of these experi¬ 
ments arc considered to be more comparable to those occurring in nature 
than those in which the bacteria arc dried on cover glasses or silk threads. 

5. Excessive soil moisture greatly inhibits the formation of cork. This 
inhibition is probably due to the exclusion of oxygen. The blackleg patho¬ 
gene, being a facultative anaerobe, grows readily under such conditions. It 
is concluded that under such conditions blackleg may arise by infection 
from the soil. It is also concluded that the inhibition of cork formation by 
the exclusion of oxygen is largely responsible for the more abundant devel¬ 
opment of blackleg in excessively wet soils or in very rainy seasons. 

6. All the evidence obtained by a study of potato blackleg over a series 
of years leads to the conclusion that the presence or absence of the proper 
conditions for infection, or of some agent of inoculation, may be of greater 
importance as a limiting factor in the development of the disease than the 
incidence of the pathogene. 
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PHYSIOLOGIC FORMS OF BARLEY MILDEW, ERYSIPHE 
ORAMINIS HORDEI MARCHAL 

E. B. Mains and S. M. Dietz* 

Physiologic specialization of rusts of grasses has long been known. How¬ 
ever, it was not until 1902 that Marchal (2) first pointed out the existence 
of physiologic specialization in the powdery mildew (Erysiphe graminis 
DC.) of grasses. 

He distinguished seven races of Erysiphe graminis based on their host 
specialization: Tritici on species of Triticum, Hordei on species of Hor- 
deum, Secalis on species of Seeale, Avenae on species of Avena, Poae on 
species of Poa, Agropyri on species of Agropyron, and Bromi on species of 
Bromus. He found that conidia of the mildew from Hordeum vulgare 
would infect Hordeum vulgare , H. hexastichon, II. trifurcatum, II. dis- 
tichon, H. Zeocriton, II. nudum, H. jubatum , II. murinum but not Agro¬ 
pyron repens, A. caninum, A. giganteum ; Agrostis alba, Alopecurus pra- 
tensis, Andropogon Ischaemon , Anthoxanfhum odoratum, Aira caryophyl- 
lea, Avena sativa, A. oruntalis, A. fatua; Arrkenatherum elatius 
Brachypodium sylvaticum, Briza media, Bromus sterilis, B. patulus, B. 
mollis, B. racemosus, B. secalimis, B. arduennensis, B. squarrosus, B. 
macrosiachys, Cynosurus crist at us, Dactylis glomcrata, Deschampsia 
flexuosa, Ely mas arenarius , Fistuca rubra , F. elatior, F. gigantea; Hoi- 
cus lanatus, Koehleria cristaia , Lolium perenne, Mclica eiliata, Milium ef- 
fusum, Phleum pratense, P. Boehmeri; Poa annua, P. nemoralis, P. serotina, 
P. praiensis, P. mulalensis, P. trivalis; Seeale cereale, Setaria viridis, 
Trise turn flavescens, Triticum vulgare , T. Spelta, T. polonicum. Similar 
results (3) were obtained when aseospores were used. 

Both Reed and Salmon have studied the race Hordei. Salmon (5) 
was able to infect H . decepicns, H. distichon, H. hexastichon, H. inter¬ 
medium, H. vulgare, and II. Zeocriton. A slight infection was obtained 
on II. bulbosum and II. maritimum. He was not able to infect H. jubatum, 
H. murinum, H. secalinum, H. silvaticum , Arena sativa, Triticum vulgare, 
nor Seeale cereale. Reed (4) infected H. distichon L., II. nudum L., H. 
steudelii x trifurcatum , H. tetrastichon L., II. trifurcatum Jacq., H. vul^- 
garc L., H. Zeocriton L., and young seedlings of H. nodosum L. Negative 
results were obtained with H. bulbosum L., II. maritimum With., II. ju¬ 
batum L., Triticum vulgare Vill., T. dicoccum Schrank, Triticum durum 

1 Published with the approval of the Directors as a joint contribution from the 
Department of Botany of the Purdue University Agricultural Experiment Station, 
LaPayette, Ind., and the Section of Botany and Plant Pathology, Iowa Agricultural 
Experiment Station, Ames, Iowa. 
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Desf., Avena sativa L., and Secale cereale L. From the studies of Marchal, 
Salmon, and Reed, therefore, it would appear that the race Hordei is rather 
closely restricted to a few closely related species of Hordeum. 

Salmon and Reed made their studies with the powdery mildew from 
various species of Hordeum. They found little evidence of differences in 
pathogenicity of the mildew from such different sources. Their results, 
therefore, would indicate that the Hordei race was rather uniform in its 
pathogenicity. They, however, apparently did not study Erysiphe graminis 
hordei from a number of different localities. Apparently, their studies 
were for the most part confined to relatively few varieties of barley. 

Salmon, however, devoted some attention to the question of whether 
any of the species or varieties of barley showed differences in susceptibility 
to mildew. In studies conducted in the greenhouse where plants were 
inoculated under bell-jars only the botanical varieties Hordeum vulgare 
var. leiorrhynchum and H. vulgare var. himalayense showed any signs of 
resistance. He found from a study under field conditions in 1903 when 
powdery mildew was abundant at Cambridge, England, that Hordeum vul¬ 
gare var. himalayense, Walpersii, crispum; U. Zeocriton var. melanzeo- 
criton; H. distichon var. pictum, eingens, medicum, persicum, laxum , 
ianthinium, ramtdosum, nigrosubinerme, Bimpaui, H. decepiens var. tri- 
ceros, nudideficiens; H. hexastichon var. hexasticho-ramosum; H . spon- 
taneum showed no mildew. Some varieties showed only a trace, while 
others developed a fair amount and still others were excessively mildewed. 

MATERIALS A$D METHODS 

The studies described in this paper are an outgrowth of extensive studies 
of varieties of barley for reaction to leaf rust, Puccinia anomala, which 
are cooperative investigations between the Office of Cereal Crops and Dis¬ 
eases of the United States Department of Agriculture and the Botanical 
Department of the Purdue University Agricultural Experiment Station. 
During the winter of 1923-1924, 655 selections and varieties received from 
the Office of Cereal Crops and Diseases were studied in the greenhouse of 
the Agricultural Experiment Station of Purdue University for reaction to 
leaf rust. Considerable mildew developed on these varieties during the 
study for rust reaction and it was noted that apparently marked differ¬ 
ences occurred in the reaction of varieties to mildew. Therefore it was 
decided to inoculate all the varieties with mildew after notes concerning 
rust had been obtained. As a resist complete notes were obtained con¬ 
cerning both rust and mildew and marked differences in the reactions were 
found'to exist. 

In 1925, 192% 1927, and 1928 these studies were continued on a se¬ 
lected series of varieties at Purdue University. In 1926 a selected set of 
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varieties was furnished the Section of Botany and Plant Pathology of the 
Iowa Agricultural Experiment Station for similar studies of powdery mil¬ 
dew where studies were made in 1926, 1927, and 1928. 2 

It is not proposed in this paper to attempt to give all of the data ac¬ 
cumulated during the five years. One of the results of this study has been 
the discovery of the existence of physiologic forms, which may be distin¬ 
guished by the use of a few of the varieties studied. These, together with 
a few others, outstanding for their general resistance or susceptibility to 
the various cultures of mildew% have been selected for discussion. 

These varieties were grown in four-inch pots in the greenhouse during 
the winter months and were inoculated in the second- to fourth-leaf stage 
of development. The cultures of mildew were carried on some susceptible 
variety, such as Oderbrucker, C. I. 940. 

The varieties were inoculated by shaking potted plants of heavily- 
mildewed-susceptible varieties over pots of seedlings of the varieties to be 
tested, thus dusting such seedlings with conidia. The seedlings were then 
atomized with a fine spray of water and covered w ith w T et muslin-cloth or 
placed in a moist chamber for 24 hours. Notes were taken when the de¬ 
velopment of the mildew had reached its maximum, usually in 7 to 14 days 
after inoculation. 

Five classes of reaction were distinguished, as in the case of the pow¬ 
dery mildew of rye (1). These classes are as follows: 

Highly resistant, denoted as 0. Macroscopically, no mycelium is evi¬ 
dent. Chlorotic or necrotic spots jpay be developed by some varieties. 
Microscopically, a slight amount of mycelium may develop and infection 
may be evident macroscopically by faint flecks. (Fig. 1, A-C.) 

Very resistant, denoted as 1. Slight to moderate development of my¬ 
celium evident macroscopically but with little or no sporulation. (Fig. 1, 
D and E.) Chlorotic or necrotic spots developed by some varieties. 

Moderately resistant, denoted by 2. A moderate to abundant develop¬ 
ment of mycelium occurs, accompanied by a slight production of conidia, 
figure 1, F and G. Chlorotic or necrotic areas are formed by some varieties. 

Moderately susceptible, denoted by 3. A moderate to abundant develop¬ 
ment of mycelium occurs, accompanied by moderate sporulation. Figure 
1, H. 

Very susceptible, denoted by 4. Abundant mycelium is developed, ac¬ 
companied by abundant sporulation. Figure 1, I and J. 

* The writers are indebted to Dr. H. V. Harlan, who brought this extensive collection 
of varieties together from various parts of the world. We also wish to express our 
thanks to Dr. M. N. Pope, who kindly furnished us with the seed, and to Miss Mary L. 
Martini, who has furnished information concerning the classification of the varieties, 
and, farther, to Mr. Leroy Compton, Mr. L. D. Leach, and Mr. H. C. Murphy, who 
assisted in the Inoculations at Purdue University and Iowa State College. 
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RESULTS 

During the winter of 1923-1924, the culture of mildew occurring in the 
greenhouse of the Department of Botany, Purdue Agricultural Experiment 
Station at LaFayette, Indiana, was studied on a large series of varieties. 
During the winter of 1924-1925, mildew in the same greenhouses was again 
studied on a selected set of varieties. The results obtained agreed very 
closely with those of the previous year. Twice during the winter of 1925- 
1926 and again in 1926-1927 the selected varieties were tested to mildew 
carried over from the previous year and results very similar to those of the 
previous years were obtained. These are summarized in table 1 under 
physiologic form 1. The varieties Arlington 702, Goldfoil 928, Hanna 906, 
C. I. 2444, and C. I. 1080 were outstanding for their marked resistance, 
being consistently of type 0. The varieties Kwan 1016 and Duplex 2433 
showed a slight development of mycelium but no sporulation and are classed 
as type 1-. Consul 1061, Oswong 697, and C. I. 2416 showed still more 
development of mildew, being, however, very resistant, type 1. Some of the 
varieties showed more variation in reaction than others. Such varieties as 
Chilean D, Peruvian 1131, Turkestan 711, Bolivia 1257, Coast 276, Com¬ 
mon Chile 663, Chilean C 1432, Abyssinian 1243, Luth 972, Peruvian 935, 
Lynch 919, and C. I. 1021 varied in reaction from type 0 to 1. Abyssinian 
362, Hanna 966, Purple Nepal 1373, Black Hullless 1032, Nepal 595, and 
Heirs Hanna 682 varied from 1 to 2. Palestine 939, Blackhull 878, Are- 
quipa 1256, Peru 653, Lehor 866, and Black Hullless 666 showed more 
variation, sometimes giving a reaction of type 0 and, at other times, type 
1 or 2. Juliaca 1114 varied from type 2-3 and Nepal 475 from type 1-3. 
Oderbrucker 940 and Hooded Spring 716, while susceptible, showed some 
variation from type 3-4. Odessa 182 and Bohemia 204 represent a large 
number of highly-susceptible varieties, showing a consistent reaction of 
type 4. 

This culture of mildew was lost during the summer of 1927 and no bar¬ 
ley mildew occurred in the greenhouses at LaFayette, Indiana, during the 
winter of 1927-1928. In the autumn of 1928 powdery mildew was found 
on some plants of volunteer barley at LaFayette, Indiana, and was again 
studied upon the series of varieties used previous years. To this culture, 
several of the varieties showed considerably more susceptibility than to the 
cultures of previous years. The results of three tests during the winter of 
1928-1929 are given in table 1 under physiologic form 2. Most of the varie¬ 
ties gave a reaction to form 2 very similar to that to form 1. However, 
Oswong 697, Purple Nepal 1373, Black Hullless 1032, Nepal 595, Nepal 47fr, 
and Heil’s Hanna**682 showed considerably more susceptibility than to 
physiologic* form 1, as can be sepn by consulting table 1. 



TABLE 1.— Reaction of forty varieties of barley to five physiologic forms of powdery 
mildew, Erystphe gramxnxs hordei 


Variety* 

C.I.b 


Type of reaction to 


No. 

P. f.l 

P. f.2 

P. f. 3 

P. f.4 

P. f.5 

Hordeum vulgare pallidum 
Duplex 

2433 

1- 

1 

0 

! 

0 

0 

0 

Kwan 

1016 

1- 

0 

0-1 

0-1 

1-2 

Chilean D 

1433 

0-1 

1 

1 

2 

0-1 


1021 

0-1 

0 

0 

2 

2 

Coast 

276 

0-1 

1-2 

1 

2 

1 

Chilean C 

1432 

0-1 

1+ 

1+ 

2 

1 

Abyssinian 

1243 

0-1 

2 

1+ 

2 

1 

Common Chile 

663 

0-1 

1+ 

2+ 

1-2 

0-1 

Peruvian 

1131 

0-1 

0-1 

2-3 

1 

3 

Turkestan 

711 

0-1 

0-1 

2-3 

1 

2-34- 

Bolivia 

1257 

0-1 

1 

1+ 

2-3 

2-4 

Luth 

972 

0-1 

0-1 

2-3 

1 

2-3 

Consul 

1061 

1 

1 

0 

3 

1-2 

Peruvian 

935 

0-1 

1 

3-4 

1 

4 

Lynch 

Arequipa 

919 

0-1 

0-1 

3-4 

1 

3-4 

1256 

0-2 

1 

3-4 

2 

4 

Peru 

653 

0-2 

1-2 

U 

3 

3-4 

Juliaca 

1114 

2-3 

2+ 

1+ 

4 

4 

Oderbrucker 

940 

3-4 

4 

4 

4 

4 

Odessa 

182 

4 

4 

4 

4 

4 

Hordeum vulgare nigrum 

Oswong 

697 

1 

3 

3-4 

2 

3 

Hordeum vulgare hors 
fordtanum 

Hooded Spring 

716 

3-4 

3—4 

4 

4 

4 

Hordeum vulgare coeleste 

Black Hullleas 

666 

0-2 

1-2 

34- 

4 

3 

Hordeum vulgare trxfurcatum 

Lehor 

866 

0-2 

2 

2-3 

4 

3-4 

Purple Nepal 

1373 

1-2 

3+ 

4 

4 

3-4 

Black Hullless 

1032 

1-2 

3+ 

34* 

4 

4 

Nepal 

595 

1-2 

4 

4 

4 

4 

Nepal 

475 

1-3 

4 

4 

4 

4 

Hordeum intermedium 
haxtom 

Arlington 

702 

0 

0 

0 

1 

0 


1080 

0 

1+ 

0 

3 

1-2 

Hordeum intermedium 

mortom 

2444 

0 

0 

0-1 

0-1 

1 

Abysstnian intermediate 

2416 

1 

1+ 

14- 

2 

3-4 

Hordeum dtsltchon palmella 

Palestine 

939 

0-2 

1 

1 

1 

1 

Goldfoil 

928 

0 

0 

0 

0 

4 

Hanna 

906 

0 

0 

0 

0 

4 

Hanna 

966 

1-2 

1 

3 

0 

3-4 

Hell’s Hanna 3 

682 

1-2 

4 

4 

3-4 

4 

Bohemia 

204 

4 

4 

4 

4 

4 

Hordeum deficient steudth 

Abyssinian 

i 362 

1-2 

1+ 

1 

2 

1 

Blackhull 

878 

} 

0-2 

1 

3-4 

1 

4 


4 Varieties classified according to H. V. Harlan. The Identification of Varieties of 
Barley, U. S. Dept. Agr. Bui. 622. 1918. 

b Accession number of the Office of Cereal Crops and Diseases, United States Depart¬ 
ment of Agriculture. 
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In the aut umn of 1928 a collection of barley mildew was received from 
Dr. J. G. Dickson from Madison, Wisconsin. This was carried in a green¬ 
house compartment separate from the preceding and sown upon a similar set 
of varieties. Three different tests were made and the results showed this 
to be a physiologic form distinct from forms 1 and 2. The results of these 
studies are given under physiologic form 3 of table 1. As can be noted, 
this form is sharply separated from physiologic forms 1 and 2 by the reac¬ 
tion of Peruvian 935 and Lynch 919 (Fig. 2, A3 and B3), which showed a 
reaction of type 3 or 4 as contrasted with the types 0-1 shown to physiologic 
forms 1 and 2. The varieties Hanna 966 (Fig. 2, A4 and B4), Blackhull 
878, Apequipa 1256 (Fig. 1,1), and Black Hullless 666 showed considerably 
more susceptibility to physiologic form 3 than to cither of the other forms, 
and the .varieties Oswong 697, Purple Nepal 1373, Black Hulllcss 1032, 
Nepal 595, Nepal 475, and Heil’s Hanna 682 (Fig. 1, J) were considerably 
more susceptible than to physiologic form 1, but approached physiologic 
form 2 in their reactions. 

In 1926 a collection of powdery mildew was made at Moscow, Idaho, and 
studied in the greenhouses of the Section of Botany and Plant Pathology of 
the Iowa Agricultural Experiment Station on the varieties used in the 
studies at Purdue University. This culture proved to be distinct from the 
three forms previously studied. In 1927 a collection was made in Califor¬ 
nia, which proved to be very similar to the collection from Idaho. The re¬ 
sults obtained from these studies are given in table 1 under physiologic form 
4. The varieties Juliaca 1114, Lehor 866, Peru 653, Consul 1061, and C. I. 
1080 were more susceptible to this form than to physiologic forms 1, 2 and 3. 
The reaction of Peruvian 935, Lynch 919, Blackhull 878, and Arequipa 1257 
to form 4 resembled their reaction to physiologic forms 1 and 2, and they 
were more resistant to form 4 than to form 3. Hanna 966 showed consider¬ 
ably more resistance to form 4 than to forms 1, 2, and 3. Heil’s Hanna 682, 
on the other hand, was more or less susceptible, types 3-4, to form 4, thus 
showing a reaction similar to its reaction to forms 2 and 3 but differing from 
its reaction to form 1 to whieh it was resistant, types 1-2. 

In the summer of 1928 a culture of barley mildew was obtained at Ames, 
Iowa, whieh gave markedly different reactions in studies made during the 
winter of 1928-1929 at Iowa State College. The results of this study are 
given in, table 1 under the heading physiologic form 5. This physiologic 
form is easily separated from the other fj^ur forms by the reactions of Gold- 
foil 928 and Hanna 906 (Fig. 3), which were very susceptible, type 4, to 
physiologic form 5 and, highly resistant, type 0, to all the other forms. The 
unnamed vaf^ty C. I.*2416 was also much more susceptible to form 5 than 

to the other forms. Peruvian $35, Lynch 919, Blackhull 878, and Arequipa 

* 
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Flo. 1. Type* of reaction of barley varieties to Ergnphe gramini it hortfet p.f.8. 
A and B. Type 0, highly resistant, slight flecking. C. Type 0, highly resistant with definite 
necrotic spots. D and E. Type 1, very resistant, slight development of mycelium, and 
very slight sporulation. F and G. Type 2, moderate development of mycelium and slight 
sporulation. H. Type 3, moderately susceptible, moderate development of mycelium, and 
moderate sporulation. I and J. Very susceptible, abundant development of mycelium 
and sporulation. A. Arlington C. I. 702; B. Consul C. I. 1061; C. C. I. 1080; D. Aby*~ 
trinian C. L 862; E. Palestine a L 980; F. Lath C. I. 972; G. Peruvian C. L 1131; 
H. Hanna C. I. 966; I. Arequipa C. L 1266; J. Heil's Hanna Ho. 3, C. I. 682. 
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Fm. HT BeactioO of four varieties of barley to two physiologic forms of powdery 
mildew. A. Four vartipes inoculated with physiologic form 2. B. Same four varieties 
inoculated *itb physiologic Iona S. (1) Oderbrucker a I. 940, susceptible to both 
forms. (2) Turkestan I. 711^ highly resistant to p. f. 2 and moderately resistant to 
p. f. 3. (3) Lynch 0. $**919, highly resistant to p. f. 2 and susceptible to p. f. 3. (4) 
Hanna C. I. 966, very resistant to p. f. 2 and moderately susceptible to p. f. 3. 
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Flo. 3. React ion of Hanna C. I. 906 to three physiologic forms of powdery mildew. 
A. Two leaves of Hanna inoculated with p. f. 2, highly resistant. B. Two leaves in 
oculated with p. f. 3, highly resistant. V. Two lea\es inoculated with p. f. 5, very bus 
ceptible. 

1256 were* susceptible to form 5. thus giving a reaction similar to that to 
form 3 and differing from that to forms 1, 2, and 4 to which these varieties 
were resistant. Consul 1061 and C. 1. 1080 were more resistant than to 
form 4 and somewhat less resistant than to forms 1, 2, and 3. Peru 653, 
Juliaca 1U4, and Lehor 866, which were more or less resistant to forms 1, 
2, and 3, wen* susceptible to both 4 and 5. Black Hullless 666 w^as more or 
less susceptible to forms 3, 4, and 5 and resistant to forms 1 and 2. Purple 
Nepal 1373, Blaek Hullless 1032, Nepal 595, Nepal 475, and Heils Hanna 
682 were resistant only to form 1 and susceptible to the other forms. 

The five physiologic forms can l>e most easily separated by using four 
barley varieties os follows: 

Nepal C. I. 595 resistant (1-2) p. f. 1 

Nepal C. I. 595 susceptible (4) 

Peruvian C. I. 935 susceptible (3-4) 

Goldfoil C. I. 928 susceptible (4) p. f. 5 

Goldfoil C. I. 928 resistant (0) p. 1 3 

Peruvian C. I. 935 resistant (0-1) 
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Black Hullless C. I. 666 resistant (1-2) p. f. 2 

Black Hullless C. I. 666 susceptible (4) p. f. 4 

As shown in table 1, the varieties Arlington 702, Duplex 2433, and C. I. 
2444 are outstanding for their marked resistance to all five of the physiologic 
forms. These varieties are closely followed in resistance by Kwan 1016, 
Chilean D 433, C. 1. 1021, Peruvian 1131, Turkestan 711, Bolivia 1257, 
Palestine 939, Abyssinian 362, Coast 276, Common Chile 663, Chilean C 
1432, Abyssinian 1243, and Luth 972, varieties more or less resistant to all 
five of the physiologic forms. 

The varieties Goldfoil 928 and Hanna 906 are very resistant to four 
physiologic forms and susceptible to one. Consul 1061 and the unnamed 
varieties C. I. 1080 and C. I. 2416 are more or less resistant to four physio¬ 
logic forms and susceptible to one. Peruvian 935, Lynch 919, Blackhull 
878, Arequipa 1256, Hanna 966, Peru 653, Juliaca 1114, and Lehor 866 are 
more or less resistant to three physiologic forms and more or less suscep¬ 
tible to two. Black Hullless 666 and Oswong 697 are more or less resistant 
to two physiologic forms and susceptible to 3. Purple Nepal 1373, Black 
Hullless 1032, Nepal 595, Nepal 475, and Heil’s Hanna 682 are resistant to 
only one physiologic form and more or less susceptible to the other four. 
Oderbrucker 940, Odessa 182, Bohemia 204, and Hooded Spring 716 are in¬ 
cluded as examples of a large number of varieties that are susceptible to all 
of the physiologic forms. 

The varieties resistant to all five of the physiologic forms are not re¬ 
stricted to any one species or group. They are distributed in all the major 
species, Hordeum vulgare, Hordeum intermedium, Ilordeum distichon, and 
Hordeum deficiens, table 1. A similar situation also occurs even in agro¬ 
nomic varieties, as is shown by the reactions of the various selections of 
Hanna to physiologic form 3, Hanna 906 registering a type 0 reaction, 
Hanna 966 giving a reaction of type 3, and Heil’s Hanna 682 giving a reac¬ 
tion of type 4. 

DISCUSSION 

These studies show that the various species of barley, Hordeum vulgare, 
H. intermedium, H. distichon, and H. deficiens are not uniformly favorable 
hosts for Erysiphe graminis hordei. 'While a large number of susceptible 
varieties occur in all of these species, a number of resistant varieties also 
are found in each. These Assistant varieties also differ considerably. Some 
show no macroscopic signMl infection; sofce allow a slight development of 
mycelium with little or no sporulation; while others develop a slight to mod¬ 
erate spornlation. ’ 

Not only is it evident that the species Erysiphe graminis can be sepa¬ 
rated into races by the species of hosts which such races are able to infect, 
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but that the race Hordei can be still further subdivided into physiologic 
forms. Such physiologic forms can be sharply separated by the reaction of 
certain selections of barley. On the parasitic relationship, therefore, both 
the hosts and the parasites can be readily separated into groups by their 
reactions with each other. A situation, therefore, exists in this group simi¬ 
lar to that which occurs in several other groups of parasitic fungi, such as 
the rusts and smuts. 

It is evident that the existence of physiologic forms complicates exceed¬ 
ingly the problem of controlling the powdery mildew of barley with resis¬ 
tant varieties. Before this can be done with any degree of certainty it will 
be desirable to have the fullest possible knowledge of the extant physiologic 
forms and of the relative susceptibility of barley varieties not only in the 
seedling stage but under different environmental conditions and stages of 
development of the barley plant. 


SUMMARY 

1. The race of powder}' mildew, Erysiphe graminis hordei, on barley 
contains at least five physiologic forms. 

2. These physiologic forms can be separated by the reaction of a selected 
set of barley varieties resistant to some of the physiologic forms and sus¬ 
ceptible to the others in the seedling stage in the greenhouse. 

3. Barley varieties resistant to these physiologic forms have been found 
in all of the principal species, Hordeum vulgare, II. intermedium f II. dis - 
tkhon , and II. deficient. 

4. Of the 40 varieties discussed in this paper, three have been found 
very resistant to all five of the physiologic forms. Sixteen showed more or 
less resistance to all five physiologic forms. Five varieties were resistant to 
four forms and susceptible to one. Eight varieties were resistant to three 
forms and susceptible to two. Two varieties were resistant to two forms 
and susceptible to three. Five varieties were resistant to one form and sus¬ 
ceptible to four, while four varieties were susceptible to all five physiologic 
forms. 
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CULTURAL CHARACTERISTICS OP PHYSIOLOGIC FORMS OP 
8PHACELOTHECA SORGHI 1 

C. H. Ficke and C. 0. Johnston 
INTRODUCTION 

The covered kernel smut of sorghum (Sphacelotheca sorghi (Link) 
Clinton) is the most destructive disease of grain sorghums in the southern 
Great Plains area. Prior to 1923 varieties of milo and feterita seemed to 
be free from this disease and it was not considered necessary to treat the 
seed for smut. In 1923 and 1924 specimens of kernel smut were collected 
in fields of milo in Kansas, New Mexico, and Texas. In 1921 a small per¬ 
centage of smut was found in feterita at Chillicothe, Texas. Tisdale, Mel- 
ehers, and Clemmer (11) studied the pathogenicity of three strains of the 
covered kernel smut, which they designated as the common, milo, and 
feterita strains. They reported that the common strain attacked many 
varieties of sorghum, but failed to infect milo and feterita. The milo form 
infected milo and several other varieties, but failed to infect feterita. The 
feterita strain infected feterita. but failed to infect milo. Thus they proved 
that the three strains were distinct and probably were physiologic forms of 
the fungus causing covered kernel smut. 

The studies herein reported were conducted in the laboratory of the 
Kansas Agricultural Experiment Station during the winter of 1928-29. 
The results of these experiments show that the three strains mentioned 
above also can be distinguished by cultural characteristics on various kinds 
of nutrient media and indicate that covered kernel smut is caused by at 
least three definite physiologic forms of S. sorghi. For convenience these 
forms have been assigned numbers and reference to them hereafter will be 
by number. The common covered kernel smut, the milo, and the feterita 
forms discussed by Tisdale, Melchers, and Clemmer will be referred to as 
physiologic forms 1, 2, and 3, respectively. 

Christensen and Stakman (2) described fifteen physiologic forms of 
Vstilago zeae (Beckm.) Ung. that were distinguishable by such cultural 
characters as rate of growth, color, topography, surface, zonation, conidial 
production, and margin. At least seven of these could be recognized by 
their parasitic behavior on corn. More recently Rodenhiser (8) reported 
that he was able to distinguish fourteen physiologic forms of UstQago tritid 
(Pers.) Jens., twelve of U. nuda (Jens.) K. and S., seven of U. hordei 

1 Contribution No. 298 from the Department of Botany and Plant Pathology, 

State Agricultural College, cooperating with the Office of Cereal Crops and Diaeaaea, 
Bureau of Plant Industry, U. 8. Department of Agriculture. 
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(Pers.) K. and S., five of JJ. levis (K. &. S.) Mag., and eighteen of V. 
avenae (Pers.) Jens., in culture by color, topography, surface, consistency, 
and type of margin. These could be distinguished only on the proper 
media and under proper environmental conditions. 

MATERIALS AND METHODS 

Smutted heads from typical plants of Dwarf Yellow milo, feterita, and 
Pink kafir were selected as sources of smut. Previous experiments in the 
field had proved that the three strains of smut selected for these studies 
were pathologically distinct and probably were distinct physiologic forms. 
The varieties of sorghum on which these forms developed had been inbred 
for several generations and were known to be pure for varietal characters 
and reaction to covered kernel smut. As soon as the smutted heads emerged 
from the boot they were bagged, tagged, and then kept covered until the 
smut was well developed. At maturity the heads were cut from the stalks 
without removing the bags and dried. Those infected with each strain of 
smut were stored separately. There was thus virtually no opportunity for 
mixture or contamination in the field or in harvesting and storage. 

When needed for culturing the heads were removed from the bags one 
at a time and unruptured smut galls selected on each. There seemed to be 
no consistent differences in shape, size, or color of the sori produced by 
the three strains. The enclosing membrane of the smut gall was disinfected 
and a portion of it carefully removed. A small quantity of the ehlamydo- 
spores was taken from the interior with a sterile needle. These spores were 
immediately transferred to test-tubes of liquid carrot agar from which 
poured plates were made. Some multichlamydospore cultures were also 
obtained by making direct transfers of spore material from the smut gall 
to carrot-agar slants. Previous cultural experiments with U. teat and 
other smuts had shown this medium to be very satisfactory for the culturing 
of smut fungi. Several multispore cultures were made from each form 
of the Bmut in this manner and kept in the laboratory at room temperature. 

After a few days’ growth there was evidence that the strains under in¬ 
vestigation were culturally distinct. Subcultures immediately were made 
by transferring to fresh plates. At the same time a new series of cultures 
was made from the smutted heads. These latter proved to have the same 
general characteristics as the first series of cultures. 

It seemed desirable to ascertain whether differences between the forms 
could be distinguished on media other than carrot agar. Transfers, ac¬ 
cordingly, were made to poured plates of potato-dextrose, oatmeal, and 
carrot agars. As will be pointed out later, distinct differences could be* 
di s tin g uish ed between all of the forms on the three kinds of agar. All 
of these op&ations were repeated several times to make sure that the dif- 
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ferences were not merely chance variations. With but one exception in 
form 2, multispore cultures of forms 2 and 3 remained constant for their 
general cultural characteristics on each of the media. They had some¬ 
what different characters on the various media, however. In short, they 
seemed to be very stable and to give the same reactions repeatedly. Form 
1, on the other hand, seemed relatively unstable and numerous wedge- 
shape or fan-shape sectors developed in it, especially on carrot agar. These 
sectors often had characters strikingly different from those of the parent 
culture. 

The origin of the sectors in cultures might be explained on the basis 
of a mixture of forms, mutations, or heterothallism. Several series of 
cultures from single sporidia and single chlamydospores, respectively, were 
made from each of the forms of smut studied. Transfers of each of the 
forms were made from stock cultures on agar slants to Erlenmeyer flasks 
of carrot decoction. The cultures thus established were allowed to develop 
until the medium became cloudy with conidia. Very sparse sowings of 
conidia then were made in poured plates of carrot agar by the dilution 
method. Single isolated conidia were located, marked, and transferred to 
fresh plates as soon as cultures from these were maeroscopically visible. 
Many single conidium cultures were thus established. It has been men¬ 
tioned that the multichlamydospore cultures were obtained by making di¬ 
rect transfers of spore material from the smut gall to carrot-agar slants. 
The single chlamydospore cultures were obtained by the dilution plate 
method. All cultures were kept at room temperature, about 80° F. The 
single chlamydospore cultures as well as the multispore cultures were grown 
on carrot agar, potato-dextrose agar, and oatmeal agar. The single conidial 
cultures, with the exception of those of form 1, were grown on carrot agar 
only. The cultural characteristics of the three forms on these agars will 
be discussed later. 

One remarkable feature of these experiments was the ease with which 
Sphacelotheca sorghi could be cultured. Several of the smuts have been 
studied in culture at the Kansas Agricultural Experiment Station, but 
none seemed to be so easily cultured as S . sorghi. It proved to be rela¬ 
tively easy to secure cultures free from contamination and to maintain 
them without loss of vigor. The simplicity of the methods of culturing 
described above indicates the facility with which this organism may be 
handled in culture. 


EXPERIMENTAL RESULTS 

The fungus taken from wholly or partially smutted heads was grown 
separately on several artificial media. Constant differences in cultural 
characteristics between them have been noted during the time they have 
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been studied. These differences are sufficiently marked and constant to 
make it possible to distinguish the three strains studied as separate 
physiologic forms by cultural characteristics alone. 

The cultural differences of the three forms of covered kernel smut 
from single chlamydospores when grown on carrot agar, potato-dextrose 
agar, and oatmeal agar are given in tables 1, 2, and 3, respectively. The 
differencens shown by cultures of the three forms growing on potato- 
dextrose agar are illustrated in figure 1. Color determinations were made 



Flo. 1. Twelve-day cultures of three physiologic forms of S. aorghi grown o» potato 
dextrose agar at 80° F. 

A. Physiologic form 1 from Pink kafir. 

B. Physiologic form 2 from Dwarf Yellow milo. 

C. Physiologic form 3 from feterita. 

according to Ridgway’s color standards and color nomenclature (7). 

When grown on carrot agar the outstanding differences of these forms 
are as follows: Form 1 is characterized by an ivory-yellow color, and bac- 
terioid consistency in young cultures. Later it becomes felted, the center 
usually being tufted in old cultures. Form 2 ranges from cinnamon-buff 
to cream-buff in color when young, turning to an umber color with age. 
The topography changes from beaded in young cultures to rather densely 
reticulate in fully developed cultures. Form 3 may be distinguished from 
the other two by its olive-buff color and its sparse spiny projections, which 
later disappear, the culture then taking on a beaded appearance. 

When the cultures are grown on potato-dextrose agar, the colonies of 
form 1 have cream-buff centers with the remainder ivory-yellow. Their 
topography is relatively flat, either with or without reticulation. In form 
2, the centers of the colonies are russet to cinnamon-brown and the re¬ 
mainder cream-buff in cdlor, while their topography is rather flat with 
raised reticulations. In form 3, the colonies are pale olive-buff to dark 
olive-buff with vfery fine spiny projections and small beads. 

When* grown om oatmeal agar the outstanding color differences among 

these fornfs are as tyllows: Fata 1 is cartridge-buff in the center and the 

> i 







TABLE 1 .—-Cultural characteristics of physiologic forms of Sphact lothcca soryhi on carrot a&ar. IS days old 




margin cream 

buff 

Feterita 3 Pale olive huff Slightly raised; beaded do do Slightly wavy; 

(Bot. 1928 Bow No. 21) mycelioid 
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remainder is covered with a white felt. Form 2 is umber to russet in the 
center and white elsewhere. Form 3 is olive-buff with spots of russet, and 
a white margin. 

The rate of growth of the three forms varies with the media on which 
they are grown. The rate of growth of all three forms on oatmeal agar 
is about the same, but on carrot and potato-dextrose agar form 2 grows 
more rapidly than either form 1 or 3. On carrot and potato-dextrose agar 
form 1 usually has been a more rapid grower than form 3. 

The formation of wedge-shape or fan-shape sectors in single and multi- 
chlamydospore cultures of form 1 has been mentioned. These also have 
been observed in one of the cultures of form 2. These sectors differed 
from the parent cultures in one or more characters, such as rate of growth, 
consistency, topography, or color. Most of them differed by a single char¬ 
acter, but a few differed in two or more. In all cases such sectors were suffi¬ 
ciently different from the remainder of the cultures to be easily noticeable. 
Transfers were made from the margins of the sectors and new cultures 
developed from them. These have been transferred frequently and have 
maintained their distinguishing characteristics without change (Fig. 2). 



Fig. 2. Sectoring in physiologic form 2 of S. sorghi on carrot agar. 

A. Main portion of culture bacterioid cinnamon-buff in color with a cream-buff 

margin. Sector mycelioid, gull-gray in color. 

B. Culture grown from a marginal transfer from the sector shown in A. 

Thus far only a limited number of monosporidial cultures have been made 
and no sectoring has been noted in them. In some cases two different types 
of cultures were obtained from separate monosporidial cultures of a single* 
physiologic form. For example, bacterioid and mycelioid cultures were 
derived from monosporidial cultures of form 3. In all cases these cultures 
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were constant for their respective characteristics in subsequent generations. 

Sectoring was of frequent occurrence in cultures of form 1, arising either 
from single or many chlamydospores. The phenomenon has not been ob¬ 
served in form 3 and only one case has been noted in form 2. Only a 
limited number of cultures has been studied thus far, however, and further 
studies may reveal them in all three physiologic forms. On the basis of 
the present experiments it seems that form 1 is relatively unstable, while 
forms 2 and 3 are very stable. This is of interest from a historical stand¬ 
point, as form 1 has long been known, whereas forms 2 and 3 have been 
observed only recently. Tisdale, Melchers, and Clemmer (11) discussed 
the possibility of hybridization of S. sorghi and S . cruenta (Kuhn) Potter 
having given rise to a new form of sorghum smut. Leonian (5) has shown 
that many new types arise in Phytophthora by mutation, while Christensen 
(1) noted the same phenomenon for Helminthosporium sativum P., K., and 
B. Christensen and Stakman (2) and Stakman, Christensen, and Hanna 
(10) have demonstrated the formation of new forms of corn smut in cul¬ 
ture by the same process. More recently Rodenhiser (8) noted mutations 
in V . hordei and U. avenae which differed from the parent cultures in color 
and rate of growth. 

On the other hand, Stakman and Christensen (9) have shown that corn 
smut is heterothallic and that hyphal fusions of cultures of opposite sex 
were necessary before the fungus was able to fruit. Hanna (4) confirmed 
these observations for U. zeae and demonstrated the same phenomenon in 
Sorosporium reilianum Kuhn (McAlp.). Dickinson (3) has also shown 
that cultures of different sex also frequently have strikingly different char¬ 
acteristics in culture. 

Thus it seems that the sectoring noted in physiologic form 1 of 8 . sorghi 
may have been due either to mutation or to heterothallism. Further studies 
on these points are under way. The evidence at present points to hetero¬ 
thallism rather than to mutation, as the sectors observed arose in cultures 
from the diploid chlamydospores rather than the haploid sporidia. Al¬ 
though chlamydospores are uninucleate the single nucleus arises in the 
young spore cells by the fusion of two nuclei, according to Rawitscher (6). 
It should be possible, therefore, for sectors to arise by segregation or by 
the fusion of sporidia in the heterothallic culture. 

SUMMARY 

Three physiologic forms of covered kernel smut of sorghum are shown 
to be distinct m culture on various agar media. They differ in color, sur¬ 
face, consistency,. margin, and rate of growth. 

Physiologic form 1 attacks Pink kafir, but is unable to infect milo or 
feterita. Form 2 attacks milo to a moderate extent and Pink kafir severely, 
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but is unable to attack feterita. Form 3 attacks feterita to a moderate 
extent and Pink kafir rather severely, but is unable to attack milo. 

Multi- and single-chlamydospore cultures were made of all three forms 
and monosporidial cultures also were studied to a limited extent. Sector¬ 
ing was observed rather frequently in cultures of form 1 arising from 
chlamydospores, but not in monosporidial cultures. The other forms seemed 
to be very stable, sectors appearing only in a single instance in form 2 and 
not at all in form 3. 

The cultural characteristics seemed very stable in most cases, successive 
transfers and new cultures from the original inoculum yielding cultures 
with the same distinguishing characteristics. 
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SOME MICROSCOPICAL STUDIES ON PENICILLIUM DECAY OF 

CITRUS 1 

L. J. KLOTZ2 

Histological observations were made on fresh and paraffined sections 
of fruit decayed by Penicillium digitatum (Fr.) Sacc. and P. italicum C. 
Wehmer. Pieces of lemon and orange fruit, including both the diseased 
areas and the healthy, noninvaded regions, were killed and fixed in chrom- 
acetic-urea solution, embedded in paraffin, sectioned 6 to 15 p in thickness, 
and stained with Magdala Red and Licht Grim according to the method 
of B. T. Dickson (2) or the Pianeze method of Vaughan (11). The latter 
combines the stains malachite green, acid fuchsin, and Martius Gelb in 
one solution. With both methods the host tissue is stained green and the 
mycelium pink to red. I obtained better staining and differentiation with 
the former method. 

Although the types of decay produced, respectively, by these two fungi 
are macroscopically easily differentiated [Fawcett and Lee (3), pp. 353- 
362, fig. 112], in these studies no microscopical differences were detected 
in the method of attack of the two organisms. The hyphae were without 
definite haustoria and were distinctly intracellular as well as intercellular 
[Fig. 1, A, B, and D and compare with Smith (10)]. Some hyphae had 
very apparent constrictions where they penetrated the cell walls. They 
were tortuous, ramifying, and extremely variable in thickness, ranging 
from 3 p to 17 p in our material, as shown in figure 1, B and E. The 
large, densely-granular mycelial threads completely filled some of the host 
cells (Fig. 1, B and D). The fungi penetrated all cells comprising the 
albedo and flavedo, including the cells of the oil glands, but avoided the 
space containing the oil. Hyphae of both fungi invaded the region of the 
juice vesicles, but in the material used, taken at the advancing margin 
of the rot, they were usually found only in the vesicle tissue next to the 
albedo, that is, in the cells of the stalks of the juice vesicles. Advanced 
stages of the decayed tissue were not studied by means of the paraffin 
method, but it was found that individual juice vesicles taken from fruit 
decayed by P. italicum always contained mycelium. The cells of the ex¬ 
panded part of the vesicle containing the juice seemed the last to be 
invaded. 

Epidermis stripped from the margin of the decayed portion of an 
orange attacked by P. italicum showed that, in fruiting, the hyphae of 

i Paper No. 211, University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Biverside, California. 
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Fig. 1. Hyphae of PeniellHa in rind of Citrus. A, B, C, E, F, in albedo. I>, surface 
4 view of epidermis. 

the rind collect substomatally as heavy-will threads and crowd up through 
the surface, wedging and crowding apart the auxiliary cells, to form a 
fascicle of aerial hyjfcbae upon which the condiophores and conidia ulti¬ 
mately appear (Fig. t, D, and Fig. 2, A, B, and C). It is occasionally 
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Fig. C Early stages of aerial fruiting hyphae on citrus. S—stoma. 


possible to find the intact guard cells at the base of these fascicles. Some¬ 
times the guard cells are crowded aside and are seen at the base of the 
periphery of the cluster of aerial hyphae (Fig. 2, B). In some instances 
the mycelial threads are seen penetrating the stomatal slit, but usually 
they surround the guard cells. 

In these diseases little evidence was found of an affection of host 
tissue extending beyond the region actually invaded by the mycelium 
(Fig. 1, F). Johann (4, 5), working vith a disease of corn seedlings 
caused by Penicillium oxalicum, found that the eells of the embryo and 
mesocotyl were apparently killed in advance of invasion by the mycelium 
The causal fungus, a weak pathogene and chiefly intercellular, excretes 
an abundance of oxalic acid. The author found that this acid, placed on 
the surface of the seedlings, produced lesions similar to those caused by 
the fungus. Yellowing and desiccation of the leaves, which are typical 
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symptoms of the disease, could be simulated by placing corn seedlings in 
dilute solutions of the acid, Nobdcourt (6), on the other hand, believed 
that the toxins or enzymes of P. glaucum and Rhizopus nigricans, which 
disorganize plants, were intracellular, since there is nothing in a carrot- 
broth medium after the fungi have grown in it that attacks carrot; 
whereas, an extract of the macerated fungus mats possessed remarkable 
power to disorganize the plant tissue. It would seem, however, that if 
the cultures had aged there would have been sufficient autolysis of the old 
hyphae to have released some of the macerating principle. With the citrus 
decays it was found that the albedo parenchyma in the region occupied 
by the mycelium of P. digitatum and a short distance beyond, probably 
never more than 3 mm. (300 p), shows maceration and collapse and takes 
a less dense stain with the Licht Grim (Fig. I, F). This region was even 
smaller in the decay caused by P. italicum, the mycelium being not more 
than 2 or 3 cells away from the deeply-stained region. This may indicate 
an advance in action, but it is too limited to be determined easily by 
isolation methods. I failed repeatedly to isolate the organisms from solid 
tissue just beyond the margin of decay, nor were they found in fresh 
microscopic mounts made from this region. On the other hand, they were 
always present in the tissue that showed even the slightest softening. Com¬ 
plete collapse of the host cells was seen and finally only traces of them 
were found in the advanced stages of decay, the space being occupied by 
the mycelium of the fungi. These findings are in contrast to those of 
Rushton (8). 

The above observations indicate that the macerating substances are 
for the most part intracellular, as Nobecourt found with P. glaucum, and 
are secreted in limited quantity only and near the tips of the living, in¬ 
vading hyphae. They probably are liberated en masse from old, dead, 
autolyzing mycelium in the regions of advanced decay. To test these ob¬ 
servations the following simple experiments were made. Mycelial mats of 
the fungi were dried with acetone and ether, followed by a temperature of 
45° C. for 24 hours; then ground to a fine powder and covered with 
toluene. The toluene was finally driven off by exposure to a temperature 
of 45° C. This material was mixed with twice its volume of water and 
inserted in cylindrical holes made in the albedo of orange and pummelo. 
The softening produced was distinct but limited to the margin of the holes, 
extending but a short distance into the albedo. A remarkable thing to be 
noted here was that some portions of the fungi, spores or resistant mycelium, 
were living after the drying process, the grinding, and the treatment with 
toluene, provided the toluene was not allowed to remain in contact with 
the powder but was gt once exposed to a temperature of 45° C. and thus 
gradually driven off. 4 Material which had been treated for a week with 
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toluene had no living fungus. Extracts of the fungus powder were made 
by placing a gram of the material in 100 ml. of distilled water for one 
hour, shaking vigorously at 5-10 minute intervals, and then filtering the 
suspension by suction through a double thickness of sterile filter-paper. 
Five-ml. quantities of the filtrate were injected hypodermically into the 
albedo of orange and pummelo. Observation at the end of 16 hours re¬ 
vealed marked softening of the treated albedo, which closely resembled 
the decay caused by the living fungi. The area of maceration was out¬ 
lined with India ink and was observed as time passed to extend beyond 
this demarcation. Control fruit injected with distilled water was not 
macerated. 

Injections of 1 per cent oxalic-acid solution caused a maceration in 
pummelo and orange rind, the latter being firmer and more turgid than 
the former. The portion of the rind affected by the acid was depressed 
uniformly, making a smooth, rather firm area. The effect produced by 
the extract of the dried fungus differed from that of the chemical in being 
softer and less uniformly sunken and of a faintly brown color. More¬ 
over, the extract, unlike that of P. oxalicum studied by Johann (5), gave 
no qualitative test for the oxalate ion. Neither distilled water nor a 1 per 
cent solution of ammonia (C. P. 28 per cent) caused an effect on orange 
or grapefruit detectable in 18 hours. After 48 hours the orange injected 
with ammonia showed a slight browning and a shallow, irregular sinking; 
the pummelo continued to be unaffected at the end of that period. How¬ 
ever, the rind of fruit injected with a 5 per cent solution of ammonia ac¬ 
quired within 5 hours a sayal-brown to cinnamon-colored area [Ridgway 
(7)], which was much firmer and considerably darker than that caused 
by the fungus extract. It has been observed by Savastano and Fawcett 
(9) that oranges decayed by Penicillium species at high temperatures 
acquire a discoloration resembling that caused by the ammonia. The re¬ 
semblance of ammonia injury to Phomopsis stem-end rot had been recorded 
by Bahgat (1). It is possible also that in the Penicillium decay the am¬ 
monia liberated by the desaminases and desamidases of the fungi is in part 
responsible for the injury. 

SUMMARY 

To sum up, it was found, among other things, that Penicillium digitatum 
and P. italicum, important organisms in the decay of Citrus fruits, grow 
inter- and intracellularly in the albedo parenchyma, flavedo, and epidermis 
and finally invade the juice vesicles. 

The hyphae of these fungi, which are very variable in width, collect 
substomatally and thrust aerial fruiting hyphae through the epidermis in 
the neighborhood of the auxiliary and guard cells. The mycelium exhibits 
but a very limited effect in advance of invasion. 



256 


Phytopathology 


[Vol. 20 


The nature of the decay by the living fungus was compared and con¬ 
trasted with the softening caused by injections into the albedo of solutions 
of oxalic acid and ammonia and of an extract of the fungi. 

Citrus Experiment Station, 

Biverside, California. 
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FURTHER STUDIES OF PRIVET ANTHRACNOSE 

A. J. Mix 


DISTRIBUTION OP THE DISEASE 

In an earlier paper (4) on privet anthracnose, caused by GlomereUa 
cingulata (Stonem.) Spaulding and von Schrenk, which included an ac¬ 
count of the history and distribution of the disease, it was stated that, 
although the fungus G. cingulata had been the subject of much investiga¬ 
tion, there seemed to have been no mention of privet anthracnose in the 
literature later than the account given by Atkinson (2) in 1892. This 
statement was due to the fact that a reference by Clinton (3) had been 
overlooked. Clinton records the occurrence of the disease in Connecticut 
in 1913 and also mentions the occurrence of basal cankers and the conse¬ 
quent death of the plant. 

Privet anthracnose seems to be more widely distributed than the refer¬ 
ences cited above would indicate. Anderson and others (1), in their Check 
List of Diseases of Economic Plants in the United States, mention this 
disease as “widespread east of the Great Plains.” Its destructive occur¬ 
rence within the Great Plains area has been previously reported (4). 

OCCURRENCE OF TIIE DISEASE ON A NEW PRIVET 

In all of the above-mentioned accounts of privet anthracnose, the host 
species concerned has been Ligustrum vulgare L. In the fall of 1925, a 
letter was received from Dr. H. W. Anderson describing the occurrence 
of the anthracnose in an Illinois nursery. It had caused severe loss in 
some plantings of a new privet called Lodense. Some Lodense privet plants 
which were received from a nursery in 1927 and planted on the campus of 
the Uimersity of Kansas developed in the summer of 1929 typical twig 
blight and cankers of the anthracnose. Glomerella cingulata was isolated 
from these blighted twigs and cankers. Beyond these instances, nothing 
further is known of the occurrence of the anthracnose on Lodense privet, 
nor, for that matter, of the extent to which the Lodense privet has come into 
cultivation. 


THE LODENSE PRIVET 

The Lodense privet was introduced to the trade by the Henry Kohankie 
and Son Ornamental Nurseries, Painesville, Ohio. Mr. H. J. Kohankie 
states that they still have the original plant and that it was found among 
a lot of seedlings of European privet which they imported from France 
some years ago. It is his opinion that it is a “sport” of Ligustrum vulgare . 
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It has not been possible to determine the botanical relationships of this 
privet. It is not recognised in botanical literature under the name Lodense. 
In the general appearance of its foliage, flowers, and fruit it resembles 
L. vvlgare, but in comparison with that species possesses a decidedly com¬ 
pact, dwarf habit. Miss Amelia Babcock, in the course of some compara¬ 
tive morphological and anatomical studies of species of Ligustrum , has 
found the Lodense privet to differ as widely from L. vvlgare as did several 
other recognized and named species. On the basis of her work it seems 
undoubtedly distinct from L . vvlgare, L. xbota, L . amurense, L. ovalifolium, 
L. ibolium, L. quihoui, and L. regelianum. (Miss Babcock’s work is re¬ 
ported in an unpublished thesis of the University of Kansas.) 

PURPOSE OF EXPERIMENTS 

The inoculation experiments, to be described below, were undertaken 
with two purposes in mind. The first was to test the susceptibility of the 
Lodense privet to anthracnose. This seemed worth while since the in¬ 
oculation experiments reported earlier (4) were performed with several 
species of privet, of which only Ligustrum vulgare proved susceptible. 

The second purpose was to determine whether OlomereUa cingulata 
from apple could attack privet, and vice versa. Shear and Wood (6) have 
shown that this fungus is morphologically and physiologically the same 
on many different hosts, but among the large number of cross-inoculation 
experiments which they performed they did not include any between privet 
and apple. Since susceptible privets may be planted in localities where 
apples are grown and where bitter rot occurs, it seemed worth while to 
determine whether the fungus can pass from the one host to the other. In 
the earlier inoculation work (4) it was learned that Q. cingulata from 
privet could cause decay in ripe apple fruits. A few successful inocula¬ 
tions of privet branches with G. cingulata from apple fruit were also 
reported. The inoculations described below were intended to secure 
additional data on this latter point. 

INOCULATIONS 

Plants of Lodense and of European privet were secured in the spring 
of 1927. These appeared to be about two years old. Some of them were 
planted in the greenhouse and a few out of doors. Additional plants were 
secured by making cuttings from the branches of the older plants. In¬ 
oculations were performed on the older plants immediately and on the 
younger plants during their first season pt growth. Since there proved 
to be no difference in susceptibility between plants of different ages, except 
that the .younger plants died more quickly, nor between plants growing 
in the greenhouse fiat) out of doors, the results have been summarized 
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without regard to age or location of the inoculated plants. These results 


are recorded in tables 1, 2, and 3. 

TABLE 1. — Results of inoculating privet plants with Glomerella dngulata by means of 
incisions into main stem below ground 


Kind of 

Source of 

Number of j 

Number of 


privet 

culture 

incisions f 

... . - . 1 

infections 

Inoculated 

Vulgare 

1 Privet 

20 

19 

tt 

i t 

Apple 

28 

4 

Controls 

tt 


7 

0 

Inoculated 

Lodense 

Privet 

7 

6 

it 

a 

Apple 

6 

4 

Controls 

i t 


4 



TABLE 2 .—Results of inoculating privet plants with Glomerella dngulata by means of 

incisions into branches 



Kind of 
privet 

Source of 
culture 

Number of 
| incisions 

i Number of 

i infections 

I" 1 — 

Inoculated 

Vulgare 

Privet 

10 

1 10 

t t 

< i 

Apple 

13 

1 

Controls 

a 


11 

0 

Inoculated 

Lodense 

Privet 

3 

3 

11 

11 

Apple 

11 

10 

Controls 

t f 


11 

0 

TABLE 3 .—Results of inoculating privet plants with Glomerella dngulata by spraying 



with spore suspensions 



Kind of 

Source of 

Number of 

Number of plants 


privet 

culture 

plants 

becoming infected 

Inoculated 

Vulgare 

Privet 

10 

10 

> i 

11 

Apple 

3 

0 

Controls 

a 

„ 

3 

0 

Inoculated 

Lodense 

Privet 

o 

2 

a 

11 

Apple 

S 

3 

Controls 

n 


3 

0 


Two methods of inoculation were used : 1 . Incisions into bark and wood 
(Tables 1 and 2), with insertion of spores and mycelium from culture, the 
wounds being left unprotected; 2. Spraying of foliage and stems with 
sterilized-water suspensions of conidia from culture (Table 3), the plants 
being subsequently covered with bell jars for 48 hours. Controls consisted 
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in uninoculated and unprotected incisions and in spraying plants with 
sterilized water and covering them as above. 

Two cultures of GlomereUa cingulata which had been isolated from 
European privet were used for these inoculations, and three cultures from 
apple. One of these apple cultures had been isolated from fruit by Dr. 
H. W. Anderson, and the other two were isolated from Willow Twig apple 
fruits affected with bitter rot, also kindly furnished by Dr. Anderson. 
Since no significant differences in pathogenicity seemed to exist between 
different cultures from the same host, the culture numbers are not included 
in the tables. 

Infection Mas considered to have occurred when an incision was found 
unhealed and a considerable portion of the wood of the stem was discolored 
and dead, or, in the case of spray inoculations, when definite leaf spots 
and stem cankers (always a considerable number on one plant) had de¬ 
veloped. GlomereUa cingulata was recovered by reisolation from a number 
of inoculated Lodense and European plants. 


CONCLUSIONS FROM INOCULATIONS 

A study of the results shoMTi in these tables seems to justify the fol¬ 
lowing conclusions: 

1. Lodense privet appears fully as susceptible to infection by GlomereUa 
cingulata as does European privet and it should not, therefore, be recom¬ 
mended for planting as a hedge plant in localities where the fungus occurs. 
It may be emphasized in this connection that for use in ornamental hedges 
a plant needs to be highly resistant, if not entirely immune from disease. 

2. GlomereUa cingulata from apple is capable of causing infection on 
Lodense and European privet, even if somewhat less readily than the same 
fungus from privet. A locality in which apple bitter rot occurs would 
therefore be unsafe for these privets. 

It may be further noted that Lodense privet seems to be more readily 
attacked by G . cingulata from apple than is European privet. 

INOCULATIONS OF APPLE BRANCHES 

Inoculations of apple branches with GlomereUa cingulata previously 
reported (4) resulted in no infections. A new series of such inoculations 
with cultures of G . cingulata from both privet and apple was made in 
1927. These were wound inoculations made by means of incisions into 
one-yeai* old and two-year old branches of young Ben Davis, Jonathan, 
Northwestern, and seedling apple trees. $ From 20 to 30 such inoculations 
were made with each variety. No infection resulted. 

Yqn Schrenk arid Spaulding (5) are apparently the only investigators 
who have successfully* inoculated annle branches with GlomereUa cinaulata , 
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In their experiments the wounds were covered with grafting wax after 
inoculation, while in those reported here the wounds were left unprotected. 
This may account for the difference in results. 

SUMMARY 

Anthracnose, caused by GlomereUa cingulata (Stonem.) Spaulding and 
von Schrenk, besides being widely distributed in the United States on 
European privet, occurs also on a new privet called Lodense. 

The botanical classification of the Lodense privet is not known, but it 
seems to be distinct from Ligustrum vulgare and from several of the other 
commonly grown species of privet. 

Inoculation experiments have shown that Glomerella cingulata from 
privet and from apple can cause infection on both European and Lodense 
privet. 

A series of inoculations of the young branches of apple trees with cul¬ 
tures of G. cingulata from both privet and apple resulted in no infection. 
Department of Botany, 

University of Kansas. 
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A SIMPLE TREE INJECTOR 

Bush P. Marshall 


Interest has been shown in a simple method of tree injection demon¬ 
strated by the writer at a conference of shade tree workers held in Stam¬ 
ford, Connecticut, in the summer of 1927. Believing that pathologists who 
work with tree species will find the method useful for rapid injection of 
small quantities of material, the apparatus used is here briefly described. 

It consists in the application of the automobile grease gun to the in¬ 
jection of trees. With the exception of a single fitting, the parts may be 
borrowed from the automobile and laboratory tool box or purchased at 
small cost from the nearest hardware store. 

This particular fitting (Pig. 1, B and E) can be turned out in a few 



minutes by a machinist if the experimenter himself has not the facilities 
for making it. It is a brass tube threaded at one end to receive an Alemite 
bearing and cut at the other to form a wood screw. A working drawing is 
supplied. The dimensions given are those of the fitting used by the writer, 
but they are optional. 

A number of guns of the regular and “Zerk 7 ' types were experimented 
with. Of those tested, the small, regulation, Alemite gun, sold for use with 
600 W. oil, was found most suitable for the present purpose. The com¬ 
plete outfit, with the exception of a brace, is easily carried in the pocket 
(Pig. 1; A, B, C, and D); it has no hose to develop leaking connections; 
it is said to give a pressure of 500 pounds to the square inch; it will hold 
two ounces of material. 

These guns are designed for use with heavy oil or light grease, and no 
difficulty is experienced in injecting trees with substances which approxi¬ 
mate their consistency. The apparatus is less practical for the injection 
of water solutions, and, if they are to be used, care is required. The leather 
plunger must be in good order and neither worn nor folded. If new*, it 
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should be softened with some such dressing as neatsfoot oil or Vised and 
then coated with cup grease. When larger guns with hoses are used, it is 
generally necessary to pack the hose connections with spray-pump packing 
to prevent leakage. Guns of the larger type inject heavy materials readily, 
but are practically worthless for aqueous solutions. 

The process of injecting the tree is simple. Using a brace with a bit 
the same size as the small end of the wood screw, a hole is bored nearly 
through the trunk. The mouth of the opening is then faced with a counter¬ 
sink, and the wood screw of the fitting into which the Alemite bearing has 
previously been screwed is turned into the wood with the help of a wrench. 
The remainder of the operation consists in turning down the handle as in 
greasing a car, except that in using water solutions it is necessary to make 
the first several turns very quickly in order to develop sufficient pressure 
to create good contact between the nozzle of the gun and the bearing. The 
rapidity with which the material may be forced into the wood varies 
greatly with the tree, the substance used, and the time of application. In 
general, the contents of a two-ounce gun can be injected in from five to 
fifteen minutes. 

Following use, the gun is easily cleaned. It may be sterilized with 
boiling water, but sterilization by dry heat is to be avoided on account of 
its effect in drying out the leather plunger. 

The apparatus here described has been used in attempts to force 
preservative materials into pruning wounds, to inoculate trees with fungous 
cultures, and to make experimental injections to control borers. It has 
worked effectively for substances the consistency of which is approximately 
that of grease or heavy oil, and poorly for aqueous solutions. Since the 
rapidity with which the material is forced into the trunk under high 
pressure does not give time for any great degree of distribution during the 
process of injection, the amount of material which can be forced in is 
limited. For this reason, the grease gun cannot supplant injection ap¬ 
paratus in ordinary use. It is valuable where the rapid injection of not 
more than several ounces of material to a hole is involved and it Mill in¬ 
ject many materials of a consistency too thick to permit of injection by 
usual methods. 

Office of Forest Pathology, 

Bureau of Plant Industry, 

In Cooperation with 
Yajge U ni v ersi t y , 

New Haven, Conn. 



PHYTOPATHOLOGICAL NOTES 

A blight of flowering almond, Prunus glandulosa Thunb. —Diseased 
specimens of the dwarf flowering cherry or flowering almond, Prunus 
glandulosa Thunb., have been observed at Lawrence, Kansas, during the 
past three seasons. In each of these years the disease was evident in late 
spring and early summer, following a rather prolonged period of wet 
weather. Blossoms, leaves, and tw r igs turned brown and died and were 
frequently covered wdth the conidial tufts of a Monilia. In some cases 
branch cankers developed around the bases of affected tw igs. 

From such blighted leaves and twigs a fungus was readily isolated. It 
proved to be the Monilia stage of the common brown-rot fungus, Sclerotinia 
fructicola (Wint.) Rehm. In cultural characters and in morphology of 
mycelium and conidia formed in culture it appeared closely similar to, 
or identical wdth, strains of the same fungus isolated from cherry and 
apple fruits. Sound fruits of peach, plum, and apple developed typi¬ 
cal brow r n rot when inoculated with the Monilia from cherry, apple, and 
flowering almond. Shoots of flow ering almond with opening blossoms were 
removed, sprayed with spore suspensions prepared from cultures of the 
three strains mentioned above, and kept, with their lower ends in water, 
under bell-jars lined with moist filter-paper. Blossom and leaf blight 
resulted in all cases. The fungus was reisolated from each set of twigs. 

So far as can be determined, the disease has been reported previously 
only once. W. C. Sturgis (Connecticut Agr. Exp. Sta. Kept. 1898: 
26J-267. 1899), in describing an outbreak of brown-rot blossoms and twig 
blight in Connecticut in 1898. states: “The trouble . . . was very common 
also on the ornamental shrub known as the Double Flowering Almond.** 
I collected specimens of the disease (from which the fungus was later 
isolated) at Collinsville, Connecticut, in the summer of 1928. 

The disease does not appear to be very destructive in this locality. It 
has beeu kept in check during the past three seasons by careful pruning 
out of affected branches, and such pruning has left the shrubs in thrifty 
condition.—A. J. Mix, University of Kansas, Lawrence, Kans. 

Brown-rot leaf and twig blight following peach-leaf curl —The usual 
account of the peach-leaf-curl disease states that the curled leaves eventually 
die and fall from the tree. In reporting (Mix, Phytopath. 14: 217-233. 
1924) some studies of Exoascus deformans , I called attention to the fact 
that, after ascospore dispersal has occurred, curled leaves are commonly 
invaded by other fungi. These fungi accomplish the final destruction of 
the leaf, but have never been observed to pass from the curled portion of 
the leaf into the adjacent healthy portion. For this reason no particular 
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attention has been paid to their identity, but species of Alternaria and Fu- 
sarium have been observed and a species of Cladosporium is common. 

In June, 1928, while collecting peach-leaf curl in unsprayed orchards 
in the vicinity of New Haven, Connecticut, I noticed that nearly all of the 
curled leaves and shoots were being destroyed by the brown-rot fungus, 
Sclerotinia fructicola (Wint.) Rehm. In contrast to the fungi mentioned 
above, this fungus was growing from the curled portions of leaves and 
twigs into the adjacent healthy portions. In some cases healthy leaves 
in contact with curled leaves were being invaded by the brown-rot fungus. 
In short, brown-rot leaf and twig blight were abundant in these orchards 
and were at this time confined exclusively to leaves and twigs previously 
infected by the leaf-curl fungus. Peach fruits were apparently too young 
to be susceptible to brown rot; at any rate, no diseased fruits were found. 

It was clear that in this season and in this locality the establishment of 
the brown-rot fungus in peach orchards had been aided by the previous 
establishment of the curl fungus. It is not known how common such an 
occurrence may be. It has not been observed under the less humid con¬ 
ditions of eastern Kansas. It seems, however, that here is an added reason 
for spraying peach trees to prevent peach-leaf curl.—A. J. Mix, University 
of Kansas, Lawrence, Kans. 
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DISEASE AND CLIMATE AS PERTAINING TO THE FLORIDA 
AND MAINE POTATO SECTIONS 

L. O. Gratz 

Approximately 26,000 acres of Irish potatoes are planted in Florida an¬ 
nually. 1 Over 19,000 acres of this total are planted in the Hastings area, 
which consists of a part of St. Johns, Putnam, Flagler, and Clay counties. 
Usually about 120,000 eleven-peck bags of State certified seed potatoes, 
valued at a half million dollars, are imported every year into Florida from 
Aroostook County, Maine. This amount of seed plants almost the entire 
acreage in the potato section proper. 

The majority of the disease troubles of white potatoes are seed-borne. 
It is evident, other things being equal, that the Florida fields should exhibit 
symptoms of the same diseases as those observed in the Maine fields which 
produce the seed stock for this southern planting. 

Careful field observations for 5 years, both in Florida and Maine, begin¬ 
ning in 1924 and ending in 1928, have demonstrated that some of the same 
troubles are found in both sections. Among the common diseases found in 
both States ire late blight ( I’h ytophthora infestans (Mont.) de Bary), early 
blight ( Alternaria solani (E. & M.) J. & G.), rhizoctonosis ( Corticium vagum 
B. & C.), scab (Actinomyces scabies (Thax.) Giissow), blackleg (Bacillus 
atrosepticus van Hall), and the various virus diseases (causes not deter¬ 
mined). Some of these diseases do not produce such severe injury in 
Florida as in Maine. In the Hastings area, for example, scab and rhizoc¬ 
tonosis are not a commercial problem. Vertieillium wilt (Yerticillium, of&o* 
atrutn Reinke and Berth.) is very prevalent during some seasons in Maine 
but has not been observed in Florida, and bacterial wilt (Bacterium solana- 
cearum. EFS.) is unknown in Maine but, at times, is very destructive in the 
southern potato sections. 

These differences and the fact that, from the standpoint of the southern 
grower, the strategic point for the control of some of these diseases is in the 
seed-stock fields of the North have led to extensive observations in both sec¬ 
tions, as reported herein. 

* Average for 3 years, 1924-1928, ns tabulated in U. S. Dept, of Agriculture, Crops 
and Markets, April, 1929, p. 123. 
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REVIEW OF LITERATURE 

The relationship of environmental factors to the occurrence and severity 
of plant diseases has been recognized and studied for many years both by 
laymen and technical workers. Much experimental evidence to establish the 
exact facts regarding these relationships for plant pathogenes of all kinds 
has been accumulated both in this and other countries. Much work of this 
nature has been done in the laboratories of the Department of Plant Path¬ 
ology at the Wisconsin Agricultural Experiment Station. An extensive 
summary, giving the results of experiments extending over a decade, with a 
complete citation of literature, is given by Jones, Johnson, and Dickson in 
their research bulletin Xo. 71 (9). Therefore, such a detailed review is 
unnecessary here. 

Many field observations, confirmed by careful experimentation, have re¬ 
vealed that frequently small differences in mean temperature cause either 
slight attacks or severe epiphytotics, as the case may be. Such observations 
have likewise demonstrated that the geographic limitation of certain disease 
organisms may be due mostly to temperature differences. This is well illus¬ 
trated in the above researches, as typified by cabbage yellows, flax 
wilt, rhizoctonosis of potatoes, and other diseases. 

OBSERVATIONS AND INVESTIGATIONS 

Climatological Data. Knowing that differences of environment cause 
variations in the severity of disease and observing that these differences in 
severity exist when Maine and Florida conditions are studied comparatively, 
the first step necessary to obtain more definite information concerning the 
relation of environment and potato diseases was to investigate climatic con¬ 
ditions during the respective growing seasons. Detailed weather records of 
these two sections were not readily available from previous publication*. 
However, original data of the local weather observers were accessible in the 
Hastings belt, at Federal Point, Florida,* and at Aroostook Farm, Presque 
Isle, Maine. These figures were obtained and summarized. The records of 
the Florida observer date back 35 years, while those of Aroostook ('ount.v 
cover a period of only 15 years. In order to make such climatological data 
for these two areas more readily available and of value for other investiga¬ 
tions they are given here in complete detail (Tables 1-5; Figs. 1-3). From 
these original observations daily and monthly averages for the respective 
growing seasons were prepared for a period of 10 consecutive years both for 
Florida and Maine (Tables ^-3). In order that a clearer comparison may 
be m^de of the teaipersturea during the corresponding periods of the grow¬ 
ing heason the secular trendy of th^ daily means were determined for both 

•In the potato area 4 mil*'* gkftbwest of‘Hastings village. 



T ABLE 1 .—Daily average temperatures during th< ten year periods 1917-19*6 and 1916-19*6* far the potato-growing seasons at Federal 

Point, Florida, 1 and Aroostook Farm, Presque Isle, Maine, respectively 
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Fin. 1. Daily avciuge maximal temperatures during the ten year periods 1917-1926 
and 1916-1926* for the potato-growing seasons at Federal Point. Florida, and Aroostook 
Farm, Piesque Isle, Maine, respectively. 


sets of data by plotting a daily moving average of the observations for every 
7 successive days. The graphic representation of the normal temperatures 
thus obtained Is shown in figures 1-3. Precipitation records are also given 
in tables 2-3. 

The usual planting dates for most of the acreage in the Hastings and 
Aroostook County sections average about January 15 and May 15, respec¬ 
tively. It is noteworthy that the Florida temperatures for about the first 
3 weeks after planting are higher than those in Maine during the corre¬ 
sponding period (Figs. 1-3). During the fourth week they are lower and 
the fifth and sixth week they may be slightly higher. From then on the 
Florida temperatures continue slightly lower until about the middle of the 

1 Data for 1918 missing. 



272 


Phytopathology 


* 

t 

£ 


I 

4 

8 

Ci 


5 


n 

si 


2 65 

•« i- 


If 

!i 
-2* £ 
•< fc» 

§ c 

§ ? 

*1 
© ^ 
** 

i 

3 

£ 

$ 


•1 

■o 

I 


W fc* 

ta 

II 


. a a 
£ .2 .2 £ £ 

mu 


3 S 1 

B “S ! 

1. 

j 0 

SS 

-r 

Cl 

00 

PO 

0 

CO 

»-4 


*■« 

0 

h. 

OS 

« 

8 8 

OS 

vs 

£ c . 



PC 


CO 


06 

to 

to 

O 

Cl 

Cl 

05 *" 

1 09 









T«-1 



o> 













U gj 

£ a 
t| , 


ss 

K 

PC 

PC 

0 

ts 

-f 

1— 

PC 

0 

VC 

s 

; 

»- 

N 

I-* 


K 

I'. 


l>- 

I'- 


t— 

■< 


























1j 


ss 

X 1 

X 

N 

0 

SS 

Cl 

-- 


X 

*-• 


3 8 JJ 


.5 t. 

x'«S 5 

< ’ 5«l 


a *- < © k> n t? y :i ^ « 
« c h n fi « ^ f- r«‘ :i c 


t* c |o 2 *C 9 % N h* N N l« ^ C 

I- 


?5Ki 


11 

.5 « 

I <s~ c 

I ft* 


« S ©»»•-«» **c « 

j-g s « # a w « « *- « c c « » 
'"• c « ri o‘ « #i » « s’ « ei « «i H 


8 g c N ^ X c « 71 C N K- 13 - 
£g t « to c n « c n c e »•; c c 

> 4s 


•£? pftaDawrtcicistSyS 
s -r c O h «q c *- iq h c « 7 -t c 

ss a- ~ 


a? S 


^ f 

>4' 


'1| 

«*5 

S- 5 


u 


tltlitisiiitii: 


SStiSSaSSJSsS 

t 

SSS38S88SSSSS 


I iSSIai'SIsSiSSisS 



[Vol. 20 


38.6 2*33 61,1 3.13 64 3 3.22 69.5 2.50 75.4 4.37 




1930] 


Ghatz: Potato Sections 


273 


season when the condition is reversed, and the cooler weather persists in the 
North and the higher temperatures in the South. With such a similarity 
in temperature from the third to the tenth week, little difference in 
the severity of certain diseases should be expected, if temperature is the 
primary governing factor. The actual conditions which have been observed 
in connection with the most common diseases are discussed below. 


Jan, 

Mr is 


M Fes. . AIa*. ^ Apr . M*y ' 

Mr i /A xt T if AS f if IS 
- flORiOA QRO+INS SfASOv — 



Fw. 2. Daily average minimal temperatures during the ten-year periods 1917-1926 
and 1916-1926* for the i>otato-growi»g seasons at Federal Point, Florida, and Aroostook 
Farm, Presque Isle, Maine, respectively. 


FUNGOUS DISEASES 

Late Might (Phytophthora infestans (Mont.) de Bary ). The symptoms 
of this disease, under average conditions, are identical in both sections. By 
comparing those fields where proper control measures are not practiced one 
finds, occasionally, slightly greater destruction of foliage in Florida than in 
1 Data for 1918 mining. 



TABLE 3 .—LatabUght in relation to the av<rage monthly temperature* aiul total monthly rainfall from 19IS to 19tS during the potato¬ 
growing season at Presque Isle, Maine 
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Kli.. .'I. Itaily average mean temperatures during the ten year periods 1917-1920 and 
1910-1920* for the potato-growing seasons at Federal Point, Florida, and Aroostook 
Farm. Pioquo Isle, Maine, respectively. 


Maine, although this is by no means the rule. Much tuber rot may be ob¬ 
served during certain seasons in Maine, but the amount of '‘mahogany rot” 
in Florida at time of harvesting is almost negligible except in a few instances 
of very early (Apr. 1-10) harvesting, where trouble may develop in transit 
to market. 

By applying the known facts to existing conditions it is possible to ex¬ 
plain, in a general way, these blight attacks in both sections. Melhus (12) 
clearly established that the optimal temperature for both the production of 
motile swarmspores (indirect germination) and infection is from 10 to 
13 # C. (50-56® F.), and the maximal is about 25° C. (77° F.). He demon¬ 
strated also that the optimal temperature for germ-tube or direct germina- 

‘Data for 1018 mining. 
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tion (i.e., without liberating zoospores) is about the same as the maximal for 
indirect germination. Direct germination was observed in his experimental 
studies, but not in nature, as he definitely states, 

“Indirect germination takes place in the morning dew and rain 
on potato foliage under field conditions. Direct germination was not 
observed to occur in the open on the foliage .’ 9 

Melhus further ascertained that the optimal temperature for mycelial devel¬ 
opment is approximately 24° C. (75° F.), but that such development, 
though slower, is possible at lower temperatures. 

Folsom, basing his opinion on the results of practical experience (4, p. 
152) and on somewhat meager yearly reports of other investigators covering 
12 years (5), concluded that the “cool weather” of Aroostook founty 
checked late blight. 

By examining the temperature curves (Fig. 1), we observe that the 
maximal temperatures in Maine throughout July, August, and early Sep¬ 
tember are 21° C. (70° F.) and much of the time above 24° (\ (75° F.). 
Also, it may be observed (Fig. 2) that the minimal temperatures in Maine 
remain above 10° C. (50° F.) from the middle of July until after the mid¬ 
dle of August. Therefore, it apj>ears doubtful if the weather of Aroostook 

TABLE 4.— Late blight in relation to frequencies of minimal and maximal temperatures 
from 1914 to 19£8 during three months of the potato-growmp season 
at Federal Point, Florida 


Number of days id each month with the extreme** of 
temperature indicated 


50° F. and below II 70° 



1915 21 25 12 ’{ 12 

1916 16 18 6 i 19 

1017 15 8 5 || 17 


F. and aliow 

Mar. j Apr. 

21 j 29 

15 26 

25 . 29 

29 SO 


Hwerity of 
late blight 


1918 8 3 5 |$ 24 29 27 

1919 16 10 2 u 14 29 1 30 


1920 

21 

ii 

3 

10 

18 

27 


1921 

15 

4 

5 

IP, 

30 

30 


1922 * 

40 

S 

p 

22 

28 

30 


1923 

" 9 

1 

) 

■ 1® 

28 

29 

medium 

1924 


1» 

3 

13 

18 

29 

do 

192? 

10 

.12 j 

1 fl 

21 , 

26 

29 

severe 

1926 

• 16 

' If 

’ 11 

20 

23 

30 

do 

1927 


i a- 

1 

27 

29 

29 

do 

1928 

17 

*• 

It , 

.I, 

f 16 

” 

27 

none 
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TABLE 5 *—Late bliffht in relation to frequencies of minimal and maximal temperatures 
from 1913 to 1938 during three months of the potato-growing season 
at Presque Jele t Maine 


Number of days in each month with the extreme* of 
temperature indicated 


Year 

50° 

F. and below 

| 70® 

F. and al>o\c 

late blight* 

July 

Aug. 

Bept. 

July 

I Aug. 

Bept. 

1913 

4 

10 

2(5 

f 26 

27 

]H 

medium 

1914 

17 

22 

23 

‘ 26 

22 

IS 

do 

1915 

19 

15 

23 

29 

22 

13 

severe 

191(5 

8 

1 

15 

28 

29 

15 

do 

1917 

5 

5 

29 

28 

23 

11 

do 

19 IK 








1919 

7 

15 

27 


20 

6 

10 per cent loss 

1920 

10 

9 

is 

24 

31 

10 

20 per cent do 

1921 

0 

19 

21 

31 

22 

11 

0.5 per cent do 

1922 

12 

15 

21 

26 

17 

IS 

5 per cent do 

1923 

19 

19 

20 

22 

16 

9 

0 per cent do 

1924 

9 


2(5 

26 


4 

severe 

1925 

9 

s 

2(5 

23 

2(5 

5 

5 per cent loss 

192(5 

10 

17 

29 

25 

22 

4 

7 per cent do 

1927 

7 

15 


30 

23 

9 

25 per cent do 

192K 

12 

s 

20 t 

< 

27 

24 

r» 

severe 

— 

— _ 





_ _ 



1 1913-1918 from Folsom (5). 

1919-1927 from Plant Disease R<port(r. 
1928 from writer's personal observations. 

2 Indicating that no data are available. 


County during the aetuul growing season is ever cool enough to greatly cheek 
late blight. In fact, the temperature more nearly approaches that reported 
by Melhus as the optimal for mycelial development of the fungus. The high 
percentage of moisture in the Maine fields, both in the form of dew and 
rain, also is favorable for the development of the fungus. Therefore, if the 
optimal temperature for development of the disease coincided with that for 
growth of the mycelium, it seems that little more could be desired to make 
conditions favorable for development of blight in the Maine fields. On the 
other hand, in view of the report of Melhus, it does not appear surprising 
to find epiphytotics of late blight in Maine fields after the middle of August 
when the minimal temperatures drop to about 10° C. although the maximal 
temperatures remain above 21° C. (70° P.) and that its failure to develop 
earlier in the season possibly is due to the higher minimal temperatures. 
The latter statement is supported by the investigations of Reddick under 
parallel conditions in New York (19). He demonstrated that, while 
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sporangial germination is possible either below or above 10° C. (50° F.), a 
temperature of 15.5° C. (60° F.) is too high for field infection of any appre¬ 
ciable amount. He presents experimental evidence to show that, while 21° 
C. (70° F.) is most favorable for swarmspore germination and penetration, 
the inhibiting factor for blight development under his conditions was not 
the failure of the swarmspores to germinate, but the failure of swarmspore 
production, as “the temperature of 60° (F.) was not low enough to initiate 
germination of the sporangia. ’ ’ 

From the above conclusions we would expect that with sufficient moisture 
and high enough maximal temperatures during the day, the more frequently 
the minimal temperatures hover around 50° F. (10° C.) the more severe 
will be the epiphytotic. Table 5, based on climatological data for the 15- 
year period from 1913-1928 for Presque Isle, Maine, and giving the number 
of days during the growing season that the minimal temperatures were 50° 
F. or below, indicates that this theory is incorrect. It is observed there that 
such low temperatures in August are frequent, and yet the reports that 
blight was of but little consequence are also numerous. In the 15 years for 
which Presque Isle records are available, from 1 to 22 days in every July 
and August were found with minimal temperatures of 50° F. or less. There 
is then no reason to believe that blight was inhibited in Maine because the 
temperatures were too high. The average maximal temperature curve for 
Presque Isle (Fig. 1) indicates that ordinarily the temperatures were high 
enough for the vegetative growth of the blight organism (75° F.). Folsom 
and Bonde (5), giving average temperatures for 1913 to 1924, however, show 
that within that period a definite relationship between low temperatures in 
August and the absence of blight even with abundant moisture existed for 
but a few years. By comparing the average (mean) August temperatures 
from 1913 to 1928, with the occurrence of blight (Table 3), such an agree¬ 
ment is found for 1921, 1922, and 1923, where blight is not severe even with 
abundant moisture. This relationship is particularly apparent for 1921 and 
1922 but not so pronounced for 1925 and 1926, where the injury was not 
exceedingly severe even though the temperatures were more favorable, espe¬ 
cially in 1925. However, no such humidity-temperature relation is found 
for 1927. It is especially noteworthy that the August data for average 
temperatures and total rainfall for 1921 and 1927 are practically identical, 
and yet the injury was^j severe in 1927 as it has been for many years, while 
in 192i blight was atdQR negligible. It ia true that in 15 years for which 
data are available 4 years (1916,1917,1920, and 1925) had both an average 
August temperature of over 65° F. (18° C.) and a severe epiphytotic of lat^ 
blight (lose of 5 per cent or over), but it is also true that at least 6 of the 
15 years-had average August temperatures below 65° F. (mostly about 60- 
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61° F.) (15-16° C.), with a blight loss of 5 per cent or over. Again, since 
there are but 2 or 3 years where there is an actual relation between low aver¬ 
age August temperature (approximately 60° F.) and no appreciable amount 
of blight, it is also true that during these 15 years, 1917 and 1920 are the 
only outstanding seasons where comparatively high August temperatures 
and precipitation records are associated with a severe blight attack, with the 
possible exception of 1928. It is possible that were records available for 
100 years for Presque Isle, the conclusion that cool weather checks late blight 
could be reached, but at present such a conclusion seems unwarranted. 

The fact is well established that the causal organism thrives under cer¬ 
tain conditions of moisture, but, here, again, upon examining the climato¬ 
logical data (Table 3), no definite relation can be found and the indications 
are that in practically every year in Aroostook County there is sufficient 
moisture for the development of the fungus. The relation of high moisture 
and severe blight seems definite for 4 years where, in 1920 and 1928, the 
August rainfall was 3.3 inches or more and, in 1917 and 1927, over 
5.0 inches. However, it is also to be noted that the rainfall for August, 
1927, was the same as for August, 1921, and the losses from blight during 
those two years were 25 per cent, and ^ per cent, respectively, in spite of 
the fact that the mean temperatures for both years were identical (60.7 and 
60.9° F.). No explanation for this difference has been advanced. 

Attempts to show a relation between cool and wet, cool and dry. or warm 
and wet, and warm and dry weather and the occurrence of blight have not 
been very successful, as severe losses have been tabulated for Maine for all 
of these conditions, even in the few years for which records are available. 

Upon returning now to the temperature data (Fig. 2), we observe that 
the minimal temperatures for Florida during the second month after plant¬ 
ing are about the same as those in Maine during the similar portion of the 
growing season. During the third month after planting, however, the tem¬ 
peratures are more nearly the optimal for sporangial germination in Florida 
than in Maine. Blight is usually first observed in the Hastings belt any 
time after the first of March or even earlier, but the attack may be severe 
until late April, especially if the season is late. A study of the minimal 
temperatures (Fig. 2) will indicate why this is possible. Table 4, which 
gives the status of the minimal and maximal temperatures for the Florida 
area, indicates that the temperatures are both low enough for the initiation 
of an attack and high enough for ngyqelial development. A definite relation 
between climatic conditions and the severity of blight attacks cannot be 
established for this section because no definite records of epiphytotics are 
available except for tba|ast few years. 
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Martin (11), in summarizing the work of others, points out clearly that 
the different investigators are not in accord as to the climatic conditions 
which are most favorable for the development of this disease. In present¬ 
ing his own data, however, he indicates that definite correlations between 
temperatures and moistures and outbreaks of late blight are possible if the 
observations of many years are available. It is evident that the Florida and 
Maine data here presented are not sufficient and of long enough standing to 
answer definitely the questions which are constantly being presented. As 
Reddick (19) suggests, 

4 * It is unlikely that the existing records of weather are sufficiently 
detailed to give the minutiae necessary for the complete analysis of 
the situation, but rainfall and temperature records alone would prob¬ 
ably give a more complete explanation of the conditions affecting the 
incidence of the disease than now exists.” 

These temperature records indicate the similarity between Aroostook County 
and Hastings conditions but do not always demonstrate to the investigator 
oi* to the grower what he may expect under the various existing climatic 
conditions. Only the records of many score more years will warrant more 
accurate predictions if such are to be made from past field experiences. 

Early blight (Altemaria solani ( E . d M.) J. d' G.). Early blight 
causes about the same amount of damage in Florida as it does in Maine. 
Usually in both sections this trouble does not appear until the plants are 
approaching maturity. Occasionally the disease may appear earlier, but 
only in isolated instances where conditions have been particularly favorable 
for its development. In 1928 the disease was much more severe in Maine 
than during the 4 preceding years. This was also true for Florida, where 
the actual losses from this trouble alone were comparatively small. By 
comparing these facts with experimental evidence it is at once apparent 
that the field observations as made are about what could be expected. 
Rands (18) demonstrated definitely that the optimal temperature for both 
spore production and mycelial growth is about 26-28° (\ (79-83° F.) but 
that growth is possible down to 1-3° C\ (35° FA, and up to 37-45° C. 
(99-113° F.) or over. He further determined that, while heavy dews were 
an aid, abundant spore production took place only when such dews were 
supplemented by rainfall. Whetzel (28) likewise reports a serious epiphy- 
totic of early blight in Bermuda following a season of warm, wet weather. 

Examination of the temperature records (Figs. 1-3) shows that, with 
such a wide range between the maximal and minimal limits, there is no 
reason why this trouble should not develop in either section. Precipitation 
records (Tables 2-3) also indicate sufficient moisture in both sections, with 
a somewhat heavier rainfall at the end of the season in the South than at 
the end of the season in the North. It is reasonable to assume that the 
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greater precipitation abetted by the higher temperature toward maturity 
may be responsible for the slightly greater degree of severity of this dis¬ 
ease in Florida, but the total percentage loss in either section as compared 
with that caused by late blight is small. 

Rhizoctonosis (Corticium vagum B. & C.). Rhizoctonosis, perhaps 
better known as “black scurf” or the “little potato disease”, much dis¬ 
cussed as it has been, still presents a problem which is far from being 
solved. Richards’ (20, 21) results demonstrated that this fungus may be 
parasitic through a range of from 9 to 30° C. (48-86° F.). He observed 
the greatest number of stem lesions at 12-21° C. (54-70° F.), with about 
18° C. (64° F.) as the temperature where the most serious injury occurred. 

Occasionally a small amount of injury may be observed in the very early 
(December) planted fields, but the percentage of “stem cankering” ob¬ 
served in the Florida territory was comparatively small, and there was 
seldom any killing of the tips of the stems, while the total number of hills 
affected with rhizoctonosis later in the season was always exceedingly small. 
In Maine, however, a rather high percentage of stem lesions and often 
considerable tip killing are observed and the number of plants manifesting 
typical rhizoctonosis symptoms later in the season is much larger than in 
Florida. The total loss in either section is not anywhere near 50 per cent, 
as Richards reports for Utah (22). In Maine the stem lesions frequently 
involve the entire stem below the surface of the ground and persist during 
the entire season. In the Florida potato belt the lesions seldom attain a 
length greater than from a quarter to a half inch and have not been ob¬ 
served to increase in size after the plants have become definitely established. 

A comparison of the temperature curves (Figs. 1-3) indicates that in 
both sections the fungus should thrive during the 4- to 6-week period 
immediately after planting. With the knowledge that the actual damage 
occurs chiefly in the Maine fields, even though the temperatures are very 
similar in the early part of the growing season, it is evident that more 
extensive observations and experiments are necessary in both sections be¬ 
fore a satisfactory explanation of the differences can be given. Soil-tem¬ 
perature data are not available. It is possible that these would not be so 
different in the two sections, and in that event an adequate explanation 
for this difference of behavior in the two sections must be sought elsewhere. 
One possibility is that 1 the seed pieces in Florida are planted about 3 
inches deep, on ridges, while in Maine tbf depth is almost twice as great 
and planting >is jnraetically on the level. Also, the soil is very sandy in 
the former section, ttpd the surface layer, at the point where the fungus 
ordinarily ip most destructive, may dry out much more quickly than in 
Jfaine where the soil is heavier and frhere planting is not on ridges. 



1930] 


Gratz: Potato Sections 


283 


Scab (Actinomyces scabies (Thar.) Giissow). Scab is considered of no 
commercial importance in the Florida potato section, and neither is it con¬ 
sidered very destructive in Maine, although it is much more important in 
the latter section. The reason which Gillespie and Hurst (6) advance 
for the mild attacks in Maine is, “. . . an excellent correlation between the 
hydrogen-ion concentration (of soils) and occurrence of common potato 
scab.” Their examination of a large number of soils from northern Maine 
revealed that those with a pH value of 5.2 or less rarely produced scabby 
potatoes. They found a difference in hydrogen-ion exponent between the 
Caribou and the Washburn loam, with a pH of 4.8 in the former and a 
much higher value in the latter, and the former producing scab-free po¬ 
tatoes, while those from the Washburn type were usually scabby. 

Several score hydrogen-ion determinations were made on soils from 
different sections of the Hastings belt and they varied consistently in pH 
from 5.4 to 5.8. These figures are still within the lower limit of tolerance 
(pH 5.2) for scab development, but may be low enough for a certain 
amount of deterring effect. It is usually considered by the growers that 
the Hastings soils are too acid for the development of this disease. 
Whether or not other factors are involved remains to be determined. 
Millard and Burr (13) suggest the possibility of the existence of different 
species of the scab organism in soils of different reaction and texture, and 
. . under certain extreme conditions either of climate or soil, tubers 
are parasitized by one species or one cognate group of species to the ex¬ 
clusion of the others.” Millard and Taylor (14) and Sanford (23) dem¬ 
onstrate the possibility of a certain balance between various parasitic and 
saprophytic fungi, and possibly bacteria, and that the particular rapid 
growth of the nonparasitic organisms, induced by the turning under 
of green cover crops, retards or inhibits the development of the scab 
pathogene, possibly through a lack of the proper nutrient materials, 
which results in the starvation of the parasitic type. Millard and Taylor 
suggest this possibility for soils with a comparatively high pH, while in 
other soils a high hydrogen-ion concentration may itself be the controlling 
factor. In the Hastings section a heavy growth of cowpeas and various 
native grasses is turned under annually, but the actual value of such 
green manuring, from the standpoint of inhibiting scab, is unknown. In 
Maine a similar procedure is followed, in part, where clover is turned under 
in the fall and potatoes are planted the following spring. It is reasonable 
to assume that such other hidden factors are involved, since the outstanding 
environmental conditions appear favorable for the growth of the causal 
organism. For example, Jones, McKinney and Fellows (8) have dem¬ 
onstrated that comparatively high temperatures are favorable for scab, 
and our temperature records (Table 1) indicate that, in general, the mild- 



284 


Phytopathology 


[Vol. 20 


ness of this trouble is not due to unfavorable climatic conditions. Further 
intensive investigations are necessary in both sections to explain these 
differences. 

Verticillium wilt (Verticillium albo-atrum Reinke d' Berth.). In 
Maine a condition exists which is comparable with similar conditions re¬ 
ported from such other Northern States, particularly Oregon, where Verti¬ 
cillium wilt may at times be extremely serious. This trouble, which sup¬ 
posedly causes no decay of the tubers but causes a vascular discoloration 
of the stem and tubers and a great reduction in yield, is considered as exist¬ 
ing only in the northern areas where cooler temperatures prevail. Chupp 
(2), however, mentions that “in New York where the summer temperatures 
are relatively low there are only occasional farms where the latter fungus 
is destructive,” and thinks that the distribution is regional. 

It has been well demonstrated that this fungus is disseminated through 
the seed potatoes and that it remains in the soil for many years. This 
being a fact, it is reasonable to expect that, other conditions being equal, 
the Florida soils should contain sufficient inoculum, considering the length 
of time that seed stock has been imported and planted from a region where 
this trouble is extant. Verticillium wilt has been seldom observed in 
Florida, even though the seed stock frequently comes from Maine fields 
where rather high percentages were present. 

In order to gain more definite information regarding this trouble 2- to 
3-bushel samples of tubers were selected during several consecutive seasons 
in Maine 8 from hills which had been killed by this organism. The tubers 
were carefully examined and each one was rejected which did not have 
the typical stem-end browning. 

These samples were divided into two lots, and during the following 
season one lot was planted in Florida and the other in Maine. In each plot 
the sample was compared directly in alternate rows in several replications 
with tubers taken from wilt-free hills. The percentage of hills exhibiting 
symptoms of the disease was determined each year. These figures are given 
in table 6. Practically no wilt was observed on these plantings in Florida 
at any time during the season, while comparatively high percentages of 
wilt occurred in the same stock (Table 6) when planted in Maine. Com¬ 
parative yield data were obtained in Maine but not in Florida because in 
the lattfcr section the both from clean and diseased tubers showed 

no differences and apparently all were healthy. Why this disease is severe 
in one of these* sections and not in the other is unexplained. Edson and 
8haf(OVklov (3) yfhep. comparing in culture two strains of V . albo-atrum 
discovered ihat the "Arte from Maine shows a much better adaptation to 

« a 

* This experiment wa* conducted m cooperation with Doctor E. 8. Schultz, Senior 
Pathologist, Bureau of Pjjfcit Industry, tJ. S. Department of Agriculture. 
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lower temperatures while the strain from West Virginia exhibits a better 
adaptation to higher temperatures, the former giving no growth and the 
latter giving fair growth at 30° (\ (86° F.). Reasoning from the results 
of these investigators, the conclusion would be reached that, since the tem¬ 
peratures are so nearly alike in both sections for part of the growing season 
and since the maximal temperature for the growth of this fungus is at no 
time approached until the latter part of the season, Florida fields should 
suffer severe losses through Verticillium wilt. It is possible that the in¬ 
crease in temperature in this southern area may aid in retarding the de¬ 
velopment of this fungus, but it is reasonable to believe that in some sections 
of the potato area and in some seasons at least mild symptoms should be 
observed. Such conclusions have not been confirmed by the observations 
of the writer during the last 6 years. Again, soil temperatures are not 
available for both sections, but the air temperatures given above serve as 
an index of what the soil temperatures may be, and it is possible that other 
factors are also involved. 


BACTERIAL DISEASES 

Blackley (Bacillus atrosepticus ran Hall). The blackleg situation 
presents another interesting problem. This disease was much discussed 
and investigated a decade or so ago. Morse (If), 16, 17), and others, later, 
found that consistent treatment and careful selection of the seed stock 
gave good commercial control, and, until several years ago, this disease was 
considered as becoming less important. Two years ago, however, it gained 
a fresh momentum when, in Maine and other northern potato-producing 
States, very high percentages of this trouble occurred. In Maine high per¬ 
centages were found also in fields planted from seed stock in which, the 
preceding year, no trace of this disease had been observed. Several of the 
best growers in Aroostook, who had carefully hand picked their seed pb- 
tatoes from tuber unit material and had treated them with the highly rec¬ 
ommended hot-formaldehvde method, were not granted any immunity but 
suffered fully as great injury as others who followed the ordinary routine 
methods of planting average seed potatoes. 

Various investigators at once began to theorize and search for satisfac¬ 
tory explanations, only to be baffled a second year with a recurrence of 
similar high percentages. In the Maine fields diseased stalks were observed 
frequently which allowed typical symptoms of this disease on parts above 
ground, while on the remainder of the stem and on the seed piece there was 
no decay or discoloration of any sort. This suggests the possibility of in¬ 
sect transmission in the Maine fields, as was found to be the case in Minne¬ 
sota by Leach (10). The problem is by no means solved, but the fact that 
the seed-corn maggot (Hylemyia cilicrura Bond.) can be responsible has 
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been confirmed recently by Bonde (1). Whether other insects or other 
factors are concerned has not been demonstrated. 

During these several years of high percentages of blackleg infection in 
Maine the Florida fields were carefully observed, but nowhere has the 
amount increased perceptibly over previous years. Only a slight trace of 
this disease has been evident in Florida for the last 6 years. 

In addition to field observations for the past several seasons, tubers were 
carefully selected from blackleg hills of the Spaulding Rose No. 4 variety 
in Maine fields and were planted in Florida. Upon arrival in Florida the 
tubers always showed much rot because only those were selected in Maine 
which showed unmistakable symptoms of the disease. Precautions were 
taken to plant only those seed pieces which were partly decayed or which 
had been covered with the decayed material from other tubers. Frequently, 
the potatoes were split lengthwise to insure the presence of a decayed por¬ 
tion on each seed piece. In 1928 but 3 hills manifested the disease in a 
total of 39 tuber unit samples of 4 hills each, and each one of these diseased 
hills was in a different unit. In 1927 similar results were obtained and 
not over 3 to 4 per cent blackleg hills w T ere observed in the rows planted 
with such diseased material. Such failure to produce the disease by plant¬ 
ing diseased tubers has been reported by other investigators and has not 
been explained satisfactorily. Again, the possibility of insect dissemina¬ 
tion or absence of such spread is suggested. The seed-corn maggot 
(Pegomyia fuseiceps Zett.) was reported from Florida in 1905 (26). 

Bacterial wilt (Bad. solanacearum EFS.). Bacterial wilt, bacterial 
blight, and southern brown rot are common names of this disease. Accord¬ 
ing to Smith (27), who isolated the causal organism in 1896, the disease 
occurs in the United States from Maryland and New Jersey south to Cuba 
and Porto Rico. The writer has never observed the disease in Maine, and 
as far as can be ascertained it has never been reported from there. 

The disease apparently is favored by high temperatures and appears to 
be more or less regional, similar in that respect to Verticillium wilt as de¬ 
scribed by Chupp (2). It is found regularly in some fields year after year, 
while in other near-by fields only traces have been observed from time to 
time. The growers have learned from practical experience that early plant¬ 
ing and, ^consequently, early harvesting provide a partial escape from great 
losses. It i$ assumed that flightly lower temperature is the controlling fac¬ 
tor in these instances. It is nbt uncommon to observe symptoms of this dis¬ 
ease iq npwly cleared land in Florida and on ground on which solanaceous 
plants have not Items observed. Much experimental work has never been 
( jreportedj an$ the percentage losses, while not extreme, are still large 

enough to warrant ea^ul investigational work. 
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* Virus diseases (causes not determined). The losses caused by the vari¬ 
ous degeneration diseases are about as large in the potato fields of Florida 
as in the Spaulding Rose No. 4 variety in Maine, the percentages being com¬ 
paratively low in both States. It is to be remembered that the Spaulding 
Rose No. 4 is about the only variety grown in the Florida potato belt. Since 
this particular variety apparently is not so susceptible to mosaic as either 
Bliss Triumph or Green Mountain (7), commercially, the Hastings area 
has smaller losses through these troubles than Aroostook County. There 
the relative acreage of other varieties is much greater than that of the 
Spaulding Rose No. 4. Virus diseases, as they have been observed in both 
potato sections, will be discussed in a later paper. 

SUMMARY 

Detailed climatological data, consisting of daily maximal, minimal, and 
mean temperatures, based on 10 years observations in both the Hastings, 
Florida, and the Aroostook County, Maine, sections, together with monthly 
averages of temperature and rainfall, are given and the relations of these 
facts compared with the occurrence of such diseases as late blight, early 
blight, rhizoctonosis, scab, and blackleg, which are common to both sections, 
are pointed out. 

Verticillium wilt is shown to be very severe in Maine during certain 
seasons and negligible in Florida, while bacterial blight is prevalent in 
Florida and unknown in Maine. 

The percentage of virus disease is about the same in the Florida potato 
section, where the Spaulding Rose No. 4 is the only variety grown, as in the 
Spaulding finds of Aroostook County. 

Agricultural Experiment Station, 

University of Florida, 

Gainesville, Florida. 
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STUDIES UPON A BACTERIOPHAGE SPECIFIC FOR 
PSEUDOMONAS TUMEFAC1ENS 

J. H. Muncie and M. K. Patel 1 

Although bacteriophagy in its relation to human and animal pathogenes 
has been the subject of intensive investigation, little is known as to the occur¬ 
rence of such lytic principles affecting phytobacteria. In the light of pre¬ 
vious work by d’Herelle (8), Cruz (4), Gratia (6), Ilauduroy (7), and 
others dealing with human and animal pathogenes, such considerations in 
phytopathology as the cause of loss of virulence in bacterial culture, the in¬ 
activation or death of bacteria in soil or overgrowths, the occurrence of non- 
virulent strains of pathogenes within the host may well be investigated as 
to their relation to bactcriophagy. 

Probably Mailman and Hemstreet (13) were the first to isolate an in- 
hibitive agent from plant material. From a decaying cabbage affected with 
a fluorescent soft-rot bacterium, they obtained a lytic agent active against 
the causal rot organism as well as Bacillus carotovorus Jones. They also 
showed that at dilutions of 1(H 7 the bacteriophage would inhibit growth of 
the soft-rot organism in broth cultures. 

At about the same time Gerretsen and Sack at Groningen and Gryns and 
Sohngen at Wageningen worked independently upon the bacteriophage of 
the legume nodule organism, B. radicicola Beij. Later these investigators 
(5), in collaboration, published the results of their work on the isolation of a 
bacteriophage from the nodules, roots, and stems of bean, clover, lupine, and 
Seradella plants. These investigators, apparently, were the first to demon¬ 
strate strain specificity of a bacteriophage from plants. The lytic principle 
isolated from bean was active against the strain of nodule bacteria from this 
plant and clover. The bacteriophage from clover nodules affected the or¬ 
ganism from clover, but not from lupine nodules. They also isolated a bac¬ 
teriophage from a culture of the Seradella nodule organism sent them from 
another laboratory. However, this lytic principle was not active against 
their own isolation of R. radicicola from the same host. Ilitchner (10) also 
obtained a bacteriophage from the nodules of red clover active only against 
the strain of B . radicicola from clover. 

i The writers wish to acknowledge their indebtedness to Dr. I. E. Melhus for helpful 
criticisms and suggestions during the course of these investigations and in the preparation 
of the manuscript. 

These studies have l>eon carried out at Iowa State College in connection with the 
crown-gall project in which the U. S. Department of Agiieulture, the Crop Protection 
Institute of the National Research Council, University of Wisconsin, nml Iowa State Col¬ 
lege are cooperating. 
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Anderson (1), working with Ps. pruni E. P. S., isolated a bacteriophage 
from the soil beneath a peach tree previously infected with the leaf-spot dis¬ 
ease, but did not obtain a lytic agent from old infected leaves, although only 
one trial was made. The addition of the bacteriophage at high dilutions to 
agar-plate colonies produced typical plaques, although secondary cultures 
appeared in these areas after several days. 

Coons and Kotila (3) isolated a polyvalent bacteriophage from a carrot 
rotted by B. carotovorus . In this case the lytic principle was active against 
B . atrosepticus van Hall and P$. tumefaciens Smith and Town., as well as 
the soft-rot organism. After standing five and one-half months the lytic fil¬ 
trate (ninth passage), although still effective against all the organisms 
tested, was not capable of causing clearing except in cultures of B . caroto¬ 
vorus . 

Israilsky (11) later obtained from a crown gall on sugar beet a bac¬ 
teriophage effective against Ps. tumefaciens. Prom the same gall he ob¬ 
tained two cultures (out of 11 isolations) which were resistant to the lytic 
principle. Similar resistant strains of the crown-gall organism were isolated 
from broth cultures to which the bacteriophage had been added in dilutions 
of 10~ 10 and 1(H\ 2 These strains also remained resistant at higher concen¬ 
trations of the bacteriophage. He was unable, however, to isolate the lytic 
principle from a pure culture of Ps. tumefaciens. 

Brown and Quirk (2) recently reported the isolation of a bacteriophage 
from tumors on Ricinus communis L. and sugar beets. In certain eases fil¬ 
trates from the Ricinus tumors inhibited growth for 20 days when added to 
young cultures of the crown-gall pathogene. Complete lysis was not ob¬ 
tained in any of the treated cultures, although bizarre forms of the organism 
were demonstrated. When cultures of Ps. tumefaciens treated with high 
dilutions of the filtrates from tumors and rotted carrots were inoculated 
into Ricinus plants, galls were induced more rapidly than in the controls 
and were larger. The addition of such filtrates to young cultures of Ps. 
tumefaciens also stimulated growth. These investigators were unable to 
demonstrate the presence of no infectious filterable form of the crown-gall 
pathogene. 

The writers (14) previously reported the results of experiments showing 
the lytic action of two bacteripphages isolated respectively from a crown 
gall on sbgar ,beet and fr«m a pure culture of Ps. tumefaciens (raspberry 
isolation), ft was shown also that thfe bagleriophage was specific in its lytic 
action against certain plant pathogenes and isolations of the crown-gall 
organism in that it a&eeted only the strain of Ps. tumefaciens from which it 

, * As a slfttter of oaaes^moe the negative exponent is need to express dilutions. Thus 

'the .expression i<r* denotesf^istribu^ionaf*1-100, 10- 4 a dilution of 1-3,000,000, etc. 
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was isolated. These studies have been extended and the results are given in 
more detail in the present paper. 

METHODS AND MATERIALS 

The lytic principles (bacteriophages) were obtained from five sources as 
follows: I, a culture of Ps. tumefaciens in unsterilized soil no longer infec¬ 
tious ; II, a crown gall on Rumex crispus L. produced by artificial inocula¬ 
tion with the Rumex strain of Ps. tumefaciens ; III, a sugar-beet gall induced 
by artificial infection with the raspberry isolation of Ps. tumefaciens ; IV, a 
culture of Ps. tumefaciens in sterilized soil no longer infectious; and V, a 
virulent culture of Ps. tumefaciens isolated from a raspberry gall in 1923. 
In this connection it should be noted that the soil cultures were originally 
inoculated January 12, 1926, with the raspberry isolation of the crown-gall 
organism. The sugar-beet gall was induced by inoculation with a subculture 
of the organism from which lytic principle V was obtained. Thus bacteri¬ 
ophages I, III, and IV were obtained from inoculation with subcultures of 
the same isolation of Ps. tumefaciens. 

In obtaining lytic principles I and IV, 10 grams of the soil were placed 
in 30 cc. of neutral peptone-dextrose broth and incubated at room tempera¬ 
ture for thirty hours. The cultures were then filtered through paper and the 
filtrate passed through a Berkefield W filter. Four days later 20 cc. of a 
24-hour broth culture of Ps. tumefaciens was added to the clear filtrate and 
after standing three days was filtered as before. This procedure of adding 
cultures of the organisms and filtering was repeated at intervals of four to 
seven days or longer. 

Lytic principles II and III were obtained by filtration from cultures 
made by adding 20 grams of the finely ground galls from sugar beet and 
R. crispus to 50 cc. of neutral peptone-dextrose broth. The cultures were 
incubated 24 hours at room temperature, filtered through filter paper, and 
then through Berkefeld filters. Subsequent additions of young broth cul¬ 
tures of Ps. tumefaciens to the filtrates and filtrations were made as given 
above. Lytic principle V was obtained from a seven-day-old neutral-broth 
culture of Ps. tumefaciens isolated from a raspberry gall in 1923 and car¬ 
ried as a stock culture for inoculation studies. The method employed was a 
series of filtrations through Berkefeld filters with additions at irregular in¬ 
tervals of 10 cc. of a 24-hour broth culture to the sterile filtrate. At differ¬ 
ent times during the progress of these successive additions and filtrations, 
tests were made of the presence of a lytic principle in the filtrates. 

EARLY STUDIES OF THE BACTERIOPHAGE 

After four successive filtrations one cc. of the filtrates I to V, inclusive, 
was added to 9 cc. of a 24-hour-old broth culture of the raspberry strain (R) 
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of Ps. tumefaciens . This procedure was repeated, using different dilutions 
of the filtrate so as to make the final dilution of the lytic principle IO" 9 to 
10“ e , inclusive. Readings taken at the end of seven days showed growth in 
all the dilutions of lytic filtrates I, II, and IV but in none of the dilutions of 
filtrates III and V. 

After seven filtrations, again one cc. of each of the filtrates I to V, in¬ 
clusive, was added to sterile broth, making dilutions of 10~ 2 to 10" 8 , inclusive. 
To each of the diluted filtrates was added one ec. of a 48-hour broth culture 
of Ps. tumefaciens and records taken at the end of seven days. The results 
of this trial are given in table 1. 

TABLE 1 .—The effect of lytic filtrates in different dilutions upon the growth of 

Pseudomonas tumefaciens • 


Lytic filtrate 

| Dilutions of filtrate and growth reactions 

io- 5 

io-* 

, 10- 4 

10- 8 ! 

io-' j 

Check 

I 

4 

4 

4 

4 

4 

4 

II 

4 

4 

4 

4 

4 

4 

III 

0 

0 

0 

0 

0 

4 

IV 

0 

0 

0 

0 

0 

4 

V 

0 

0 

0 

0 

0 

' 4 


•Growth i8 indicated as follows: 

0 = No growth, broth clear. 

1 = Very slight growth, very faint turbidity of bioth. 

2 = Blight growth, faint turbidity of broth. 

3 = Moderate growth, slight turbidity of broth. 

4 = Abundant growth with pellicle formation. 

Although the filtrates I and II showed growth at dilutions of 10 9 to 
IO -8 , inclusive, there was a certain amount of the lytic agent present in the 
undiluted stock filtrate. The addition of 10 cc. of a 24-hour culture of Ps. 
tumefaciens to 30 cc. of the filtrates above mentioned failed to show clouding 
of the culture until five*days had elapsed and then only a slight turbidity 
was evident. 

To 4 test further the lytic action of the five stock filtrates, inoculations 
were made into tomato plants. Fpr this purpose 10 cc. of a culture of Ps, 
tumefaciens was added to 30 cc. 1 Of the stock filtrate and allowed to stand 
two doy*. At thisiitime there was no visible growth in the filtrates. Inocu 
latiens were made Jjjineedle prick into the tips of succulent young tomato 
plants. 'No* galls developed from the filtrate inoculations while the checks 
inoculated with Ps. t^iefaci^ showed typical galls twenty-four days later. 
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EFFECT ON PSEUDOMONAS TUMEFACIENS OF CONTACT WITH LYTIC FILTRATES OF 
DIFFERENT DILUTIONS AND FOR DIFFERENT LENGTHS OF TIME 

One ec. of a 24-hour broth culture of Ps. tumefaeiens was added to one, 
two, three, four, and five cubic centimeters of the stock lytic principle III. 
At this time the lytic filtrate had undergone fourteen series of additions and 
filtrations and had been standing two months since the last series. The 
above mixtures, after standing for different periods of time ranging from 
three to 60 hours, were used in inoculations of young tomato plants. 

Two plants were inoculated by needle with each mixture, ten punctures 
being made in each stem. Results of these trials 30 days after inoculation 
are presented in table 2. Table 2 shows that inoculations with all the mix¬ 
tures at the end of three hours produced galls, showing that Ps . tumefaeiens 
had not been inactivated up to that time. At the end of six hours, however, 
at a concentration of one part of the suspension of the organism to two parts 
lytic filtrate, and greater, no galls were produced. At concentrations of one 
to four and one to five, slight smooth swellings developed at the edge of the 
punctures, but attempts at reisolation using bile agar failed to recover the 
pathogencs from these swellings. After nine hours and until the termina¬ 
tion of the experiment at 60 hours no galls were produced by inoculation 
with the mixtures at any of the concentrations. In all cases the lytic filtrate 

TABLE 2. —■fitsuits of inoculation into tomato of a mixture of one cc. of a Pseudomonas 
tnmt facie ns suspension with different quantities of lytic filtrate III after 
reacting for various lengths of time * 


Contact 

periods 

hours 

Proportions of suspcnsioi 
lytic filtiate III 

1 to 


Checks 

Ps. tumf faaens Lvtic filtrate III 
1-5 ' 1-0 ) 1-0 

1-1 

1-2 

1-3 

1-4 

3 

2b 

1 

1 

1 

1 0 

o 

0 

0 

lb 

0 

0 

1 

0 

o 

0 

9 

0 

0 

0 

0 

0 

o 

0 

32 

0 

0 

0 

0 

0 

o 

0 

24 

0 

0 

0 

0 

0 

2 

0 

48 

0 

0 

0 

0 

0 

o 

0 

60 

0 

0 

0 

0 

0 

o 

0 


•The results of inoculations are indicated as follows: 
0 = No galls formed. 

1 = Small swelling, not typical galls. 

2 = Typical crown gall. 

b Ps. tumefaeiens was reisolated from the gall. 
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alone and Ps. tumefaciens were inoculated into tomato plants as checks. In 
these trials, the lytic filtrate alone failed to produce galls, and Ps. tume¬ 
faciens consistently produced typical crown galls. 

It is interesting to note in this connection that Israilsky (12) showed 
that rape plants inoculated with a culture of Ps. tumefaciens treated with 
bacteriophage showed a material reduction in the percentage affected with 
crown gall compared with those inoculated with untreated cultures. He also 
soaked rape seed two hours in the lytic filtrate at dilutions of 1 to 10 and 1 
to 100, to which Ps. tumefaciens had been added. In each case there was a 
decrease in the number of plants with crown gall after treating the seed with 
the bacteriophaged cultures as compared with untreated cultures. 

Further attempts were made to prevent crown-gall infection by the use 
of bacteriophage. In this experiment one drop of the undiluted lytic filtrate 
V was injected into the succulent tips of a series of young tomato plants 
and the point of injection marked with India ink. These trials were made 
in triplicate. At intervals of two days, up to two weeks, beginning two hours 
after the injection, Ps. tumefaciens was introduced into the wound made by 
the hypodermic needle. In no case was crown-gall infection prevented. 
Why the bacteriophage after two hours in the plant did not inhibit the 
growth of Ps. tumefaciens is not dear. It is possible that the acidity of the 
sap of the tomato plant may have inactivated the lytic agent since it is 
well known that the bacteriophage is most active in media with neutral or 
slightly alkaline reactions. 

INCREASE IN POTENCY OK THE LYTIC PRINCIPLE 
AFTER SUCCESSIVE FILTRATIONS 

At varying intervals the potency of the lytic principles was tested by 
making dilutions in alkaline or neutral peptone-dextrose broth and inocu¬ 
lating the tubes with the crown-gall organism. For this purpose filtrate III 
after three and seven filtrations was employed. The filtrate was made up 
to dilutions of 10 -2 to lO -8 by the addition of one cc. of the lytic filtrate to 
9 cc. of alkaline broth. To each 10 cc. of the diluted filtrate was added one 
drop of a 24-hour-broth culture of Ps. tumefaciens (original raspberry isola¬ 
tion). The results of these trials are shown in table 3. 

While the filtrate after three filtrations did not entirely prevent growth, 
there was distinct evidence of partial inhibition after seven days. At a 
dilution of 10~* there was wily a very faint turbidity of the culture which 
became more pronounced as the diluting became greater. However, in none 
of the dildtiotis was the culture so turbid as in the untreated check culturg 
of PL tumefacie&s. t After seven filtrations, the filtrate at all dilutions 
remained <clear seye& days after inoculation with Ps. tumefaciens. The 
writers (ll) have afapady show*'that after 17 passages through Berkefeld 
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TABLE 3 .—Increase in potency of the lytic principle after successive filtrations* 


Filtrate III 



Dilution of filtrate and growth reaction 


1<F 

1 1(H 1 

10-* 

io- B j 

io-* ! 

Check 

Third filtration —. 


1- 

i 

| i 

2 

i 

; 2 - 

2 

4 

Seventh filtration .—. 


0 

0 

0 

0 

i 

0 

1 

4 


“Growth is indicated &b follows: 

0 = No growth, broth clear. 
l- = Very faint haze but less growth than 1. 

1 = Very slight growth, very faint turbidity of broth. 

2 = Slight growth, faint turbidity of broth. 

3 = Moderate growth, slight turbidity of broth. 

4 = Abundant growth with pellicle formation. 

filters, lytic filtrates III and V at dilutions 10 10 and 10~ 14 caused lysis of 
24-hour-old cultures of the crown-gall organism. 

Further trials were made of the potency of the lytic filtrates III and V 
after 19 passages, respectively, through Berkefeld W filters. Each series 
of trials was repeated three times with the same results. In these trials 
the dilutions of the lytic filtrates were made by adding 0.5 cc. of the liquid 
containing the bacteriophage to 5 cc. of neutral peptone-dextrose broth. 
With the same pipette 0.5 cc. of the first dilution (1-10) was withdrawn 
and added to the second tube until five dilutions were made. A fresh sterile 
pipette was then used in making the next five dilutions and so on for the 
entire series. With this method of making the dilutions it is possible that 
a certain amount of the lytic principle may have been carried over on the 
walls of the pipette, although it was emptied at each dilution and thoroughly 
flamed to steaming before making the next dilution. The reaction of the 
lytic principles upon Ps. tume facie ns at dilutions greater than 10~ so is given 
at intervals of 10 because in all cases the growth of the organism was the 
same as in the check tubes of untreated broth. There was no growth in the 
tubes containing dilutions of the filtrate at 10’ 1 and 10" 19 , hence in the table 
these data are omitted. The data from these tests are given in table 4. 

From this table it is seen that at dilutions of 10" 1 to 10~ 21 both lytic 
filtrates inhibited growth of Ps. tumefaciens for 120 hours following the 
addition of the inoculum. After 144 hours turbidity occurred to the extent 
of a faint haze in lytic principle III at a dilution of 10~ 21 . At 168 hours 
the turbidity had increased to the extent that the medium was slightly 
cloudy. At this dilution there was no evidence of growth of Ps. tumefaciens 
in the tubes containing lytic principle V. At dilutions of 10“ 22 very slight 





TABLE 4 .—The effect of lytic filtrates V and III at various dilutions upon growth of Pseudomonas tumefaciens* 
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1 = Slight turbidity. 

2 =Medium turbidity. 

3 = Moderately heavy turbidity. 

4 = Heavy turbidity and pellicle formation. 
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turbidity showed in the tubes of both lytic filtrates after 24 haurs. How¬ 
ever, the cultures cleared by the end of 48 hours. After 72 hours filtrate V 
at dilutions of 10~ 22 to 10~ 26 showed a very faint turbidity with a few clumps 
of the agglutinated bacteria. This condition remained unchanged at the 
end of 120 hours. 

With the lytic filtrate III slight turbidity was also seen in the tubes at 
dilutions of 10“ 22 to 10~ 26 after 24 hours. The cultures cleared after 48 
hours and remained unchanged 72 hours after inoculation. At the end of 
120 hours there was also slight turbidity of the culture with a few clumps 
of agglutinated bacteria. 

In both series of cultures at dilutions of 10~ 22 to 10 -20 turbidity increased 
after 144 hours until at the termination of the experiment there was prac¬ 
tically the same amount of growth as in the check tubes. At dilutions of 
10" 27 to 10~ 50 no lytic action was shown by either filtrate, the growth of the 
cultures at each reading being identical with that of the untreated check 
tubes. 

At the higher dilutions 10~ 21 to 10~ 25 , inclusive, it seems possible that, 
in view of the corpuscular nature of the bacteriophage, the preponderance 
of Ps. tumefaciens over the quantity of the lytic agent might account for 
the continued growth of some of the bacteria. After standing 144 hours 
poured plates were made of the cultures in lytic filtrate V at a dilution of 
lO 22 by adding two cc. of the filtrate to 30 cc. of crystal violet bile agar. 
After six days the three plates showed only 47 colonies of the crown-gall 
organism. In the plates from the untreated check tubes, using two three- 
millimeter loops of the inoculum to the same amount of agar, the colonies 
of Ps. tumefaciens were too numerous to count. 

INACTIVATION OF TIIE LYTIC AGENT IN BILE AGAR CULTURES 

In attempts to demonstrate the formation of plaques in cultures of Ps. 
tumefaciens by lytic principles III and V, the organisms was streaked upon 
agar poured plates and a drop of the lytic principle placed in the center 
of the streak. As bile crystal violet agar has been found to be an excellent 
medium for the growth of the crown-gall organism, this medium was em¬ 
ployed in the above tests. However, it was found that the lytic filtrate 
when applied to the organism on this medium failed to form plaques, that 
is, failed to lyse Ps. tumefaciens . 

Having previously demonstrated that the lytic filtrate of this passage 
prevented growth of the pathogene in broth cultures, further trials were 
made with streaks of the organism on plates of neutral potato-dextrose and 
neutral bile crystal violet agar. The plates were examined two days after 
streaking and the application of the lytic principle. As checks the streaks 
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of the organism on agar plates were not treated with the lytic principle. 
In every case the application of a drop of the lytic principle to the streak 
culture of the organism on neutral potato-dextrose agar caused lysis, while 
in the bile agar plates there was no lytic action. These results are in ac¬ 
cord with those of d’Herelle (9) who showed that bile exerts an inhibitory 
action upon the Shiga bacillus bacteriophage but does not cause its de¬ 
struction. 

VARIATION IN SUSCEPTIBILITY OF PSEUDOMONAS TUMEFACIENS TO THE 
ACTION OF THE BACTERIOPHAGE 

The plate cultures made from lytic filtrate V at a high dilution, to which 
Ps. tumefaciens had been added, indicated that certain individual bacteria 
within the culture might be more resistant than others to the action of the 
lytic agent. The phenomenon of resistance and susceptibility to bacterio¬ 
phage has been demonstrated by d’Herelle (9), Qerretsen, Gryn, Sack, and 
Sohngen (5), Coons and Kotila (3), and others. Attempts, therefore, were 
made to determine whether there was any morphological difference between 
the colonies of Ps. tumefaciens which were resistant and those susceptible 
to the lytic agent. Using bile agar, dilution plates were made from certain 
lytic filtrate cultures which showed no turbidity at dilutions of 10~ 3 to 10 ® 
after having been exposed to the bacteriophage for seven days. 

Only a few colonies came up on the plates and these were of the rough 
type, i.e., showing striations of the surface growth and with serrate margins. 
Plate cultures were also made from the lytic filtrate at dilutions of 10 17 , 
I0" 15 , and 10" 80 , which showed moderate turbidity after seven days. There 
was an abundant colony development on all these plates. The colonies in 
these cases were typical of the smooth type with serrate margins. Sub¬ 
cultures were made from the smooth and rough type colonies and these, after 
24 hours growth in broth, were used to inoculate young tomato plants and 
also lytic filtrates III and V at dilutions of 1(H to 10" 20 , inclusive. There 
was no inhibitive action shown by the filtrates and galls developed on the 
inoculated plants. These results suggest that certain of the bacteria may 
be resistant to the action of the bacteriophage as shown by d’Herelle (9) 
and, in such cases, growth is inhibited but complete lysis does not take place. 

TEMPERATURE RELATIONS 

Coons and Kotila (3), working with a polyvalent bacteriophage from 
decaying carrot, showed that incubation at 36.1° C. for six days greatly 
decreased the lytic action against B. carotovorus. Mailman and Hemstreet 
(13) showed that their inhibitory substance, isolated from a decaying cab¬ 
bage, was killed by exposure of 30 q^uutes to a temperature of 63° C. 
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Tests were made to determine the effect of high temperature upon bac¬ 
teriophage V. In these tests, three tubes containing 2 cc. of lytic prin¬ 
ciple diluted one to one with alkaline broth were suspended in a water bath 
with a fourth broth tube in which was placed a thermometer. By constant 
stirring, the temperature was held at a maximum variation of one degree. 
After the liquid in the thermometer tube had reached the required tempera¬ 
ture, it was held for ten minutes. Usually only two minutes were necessary 
to raise the temperature in the tubes from 25° C. to that required. After 
heating the tubes containing the lytic agent they were cooled at 25° C. and 
0.1 cc. of a 24-hour broth culture of Ps. tumefaciens added. Preliminary 
tests were made at temperatures of 45, 50, 55, 60, 65, 70, and 75° C. After 
cooling, the lytic principle was diluted to 10~ 2 in sterile broth and one drop 
of a 24-liour broth culture of Ps. tumefaciens added. Readings were made 
each 24 hours until 96 hours had elapsed. The diluted, heated filtrates at 
all temperatures showed very slight clouding of the liquid after 48 hours. 
At this time a few clumps of the agglutinated bacteria were also present as 
a precipitate in the tubes. However, after 72 hours the turbidity disap¬ 
peared in every ease with an increase in the masses of agglutinated organ- 


TABLE 5 .—Efitct upon lytic filtrate V of heating for ten mvnutes at different 

tempt ratures* 


Culture method 



Temperature; 

; degrees C. 



Check not 
heated 

60 

70 

75 

80 | 

85 

90 

i 9o 

98 

A 

0 

0 

i 

0 

i 

lb 

i 

4 

4 

4 

4 

4 

B 

0 

0 

0 

1® 

4 

4 

4 

4 

4 

C 

0 

0 

0 

Id 

4 

i 

4 

i 

4 

4 

4 

» Culture methods A 

, B, and C refer to the methods 1, 2, 

and 3, 

as given in the text 


immediately preceding the table. Growth is indicated as follows: 
b One tube showed no growth; one tube showed slight turbidity with masses of ag¬ 
glutinated bacteria and one tube with abundant growth. 

«Two tubes showed no growth; one tube showed slight turbidity with a few precipi¬ 
tated clumps of bacteria. 

d Two tubes showed no growth j one tube showed slight turbidity with clumping of the 
bacteria. 

0 = No growth. 

1 = Very alight growth. 

2 = Slight growth. 

3 = Moderate growth. 

4 = Abundant growth with pellicle formation. 
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isms. The resnlts of this test showed that a temperature of 75° C. for 10 
minutes did not inactivate the lytic principle; therefore, further trials at 
higher temperatures were made. The following trials at temperatures of 
60, 70, 75, 80, 85, 90, 95, and 98° C. were made in triplicate, employing the 
same method as given previously. 

The effect of heating upon the lytic principle was tested in three sets 
of cultures by the following methods: (1) One drop of the heated lytic prin¬ 
ciple was added to a 10 cc. 24-hour-old broth culture of Ps. tumefaciem; 
(2) one drop of the lytic principle and one drop of inoculum were added to 
9 cc. of sterile broth; (3) 2 cc. of the lytic principle were added to an equal 
volume of a 24-hour-broth culture of Ps. tumefaciem. Final readings of 
the cultures were made after 168 hours. 

The summarized results of the three trials are presented in table 5. 

From the data presented in table 5 it is evident that the lytic principle 
was completely inactivated by heating for 10 minutes at 85“ C. At a tem¬ 
perature of 80° C. for 10 minutes, although the lytic principle was not able 
to prevent growth of the crown-gall organism in every tube (see footnote of 
table), there was still evidence of inhibition to bacterial growth. The results 
of these tests show that the temperature causing inactivation of the lytic 
principle V lies between 80° and 85° C. 

Previous experiments having shown that lytic filtrate V in high dilutions 
would inhibit the growth of Ps. tumefaciem, the question arose as to whether 
or not the filtrates would be effective against phytopathogenes other than 
the crown-gall organism. It was also of interest to know whether this 
filtrate would likewise inhibit the growth of Ps. tumefaciem isolated from 
other hosts or from the same host at various times. Although the valency 
of lytic principles had been determined by other investigators, no tests em¬ 
ploying the same pathogene from numerous isolations had been made. 

SPECIFIC ACTION OF THE LYTIC PRINCIPLE 

Coons and Kotila (3) and Mailman and Hemstreet (13) showed that the 
bacteriophages which they isolated from decaying carrot and cabbage, re¬ 
spectively, were polyvalent. Gerretsen, Gryn, Sack, and Sohngen (5) 
found the bacteriophage from legume nodules monovalent and specific for 
certain strains of B. radidcola. . Tests, therefore, were made to determine 
the valency of* lytic principle* f and the specificity of its action upon 
Ps. tumefaeiens isolated at different times from various hosts. 

After fourteen successive passages through a Berkefeld W filter, the 
lytic filtrate V in dilotipos of HH to lO - *, inclusive, was tested against the 
igplation of 7% tumefaciem tram, which the bacteriophage was isolated, 
Ps. pruni, Ps. ieticola {fcnith,,Bre4ra, Town.) Potebnia, Ps. citri Hasse, 
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Ps. vesicatoria Doidge, Ps. phaseoli E. F. S., B. carotovorus, and B. atro- 
septicu8. Cultures of these pathogenes had been inoculated previously into 
their respective hosts and their pathogenicity proved. 

After making the required dilution of the lytic principle in 10 ec. of 
neutral broth, two drops of a 24-hour-broth culture of the organism to be 
tested were added to each tube. The results of this trial after four days 
growth are given in table 6. 


TABLE 6 .—Effect of lytic principle V upon Pseudomonas tumefaciens and seven other 

plant pat ho gene s* 


Organism 


Growth 

response at lytic filtrate dilutions 


Check 

10-* 

10-* 

10- 1 

10~* 

10-* 

io- T 

10-* 

10-* 

Ps. tumefaciens . 

0 

0 

0 

0 

0 

1- 

1- 

1- 

4 

Ps. pruni .. 

2 

2 

2 

2 

2 

2 

2 

o 

2 

Ps. beticola . 

3 

3 

3 

3 

3 

4 

4 

4 

4 

Ps. citri . 

2 

2 

2 

2 

2 

2 

o 

2 

2 

Ps. vesicatoria . 

2 

o 

o 

2 

2 

2 

2 

3 

3 

Ps. phaseoli . 

o 

2 

2 

2 

2 

2 

o 

2 

2 

B. atrosepticus . 

3 

3 

3 

3 

3 

3 

3 

3 

3 

B. carotovorus . 

1 

4 

4 

4 

4 

4 

4 

4 

4 

4 


* Growth is indicated a s follows: 

0 = No growth of the organism, broth clear. 
l- = Very faint haze but less growth than 1. 

1 = Verv slight growth, very faint turbidity of broth. 

2 = Slight growth, faint turbidity of broth. 

3 = Moderate growth, Blight turbidity of broth. 

4 = Abuudant growth with pellicle formation. 

From table 6 it is seen that lytic principle V affected only the culture of 
Ps. tumefaciens, the other organisms growing as abundantly in the presence 
of the bacteriophage as in the untreated check cultures. At dilutions of 
10' T to 10"* there was only a perceptible clouding of the cultures of Ps. tume¬ 
faciens with a few clumps of agglutinated bacteria, showing that the lytic 
principle exerted an inhibitory effect upon the organism although lysis was 
not complete. 

Similar tests were also made with the same organisms, using lytic filtrate 
V after 16 passages through the Berkefeld W filter. In these trials complete 
lysis of Ps. tumefaciens took place at all dilutions 10~* to 10~*, inclusive, 
while the other plant pathogenes were not affected. 
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1 = Very slight growth, Tory faint turbidity of broth. 

2 = Slight growth, faint turbidity of broth. 

3 = Moderate growth, slight turbidity of broth. 

4-Abundant growth, with pellicle formation. 
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Having shown that lytic principle V was univalent in its action when 
tested against seven other bacterial plant pathogenes, further trials were 
made using 15 isolations of the crown-gall organism from various hosts or 
from the same host at different times. 

In this experiment lytic principle V was used after seven, eight, and nine 
successive passages through a Berkefeld W filter. A summarized record of 
the experiment at the end of four days is given in table 7. 

The only culture which showed complete inhibition of growth was that 
of strain R (raspberry) from which lytic principle V w f as isolated. Culture 
1226, a strain of the pathogene also isolated from a crown gall on a different 
raspberry plant, was not affected by the lytic principle. This failure of 
the lytic principle to affect culture 1226 indicates the specificity of the 
principle for the strain of the pathogene from which the bacteriophage was 
isolated. Further, the lability of the crown-gall organism is shown by the 
failure of the lytic principle to cause lysis of culture 1224. This latter 
culture was isolated from a six-months-old gall on weeping willow induced 
by inoculation with culture R, the strain from which lytic principle V was 
isolated. Such reaction indicates that the host may exert some influence 
upon the strain of the organism to change its reaction to the lytic principle. 

LONGEVITY OF THE LYTIC AGENT IN CULTFRE 

Having shown that lytic filtrates III and V at dilutions of 10 -21 pre¬ 
vented growth of Ps. tumefaciens , the question arose as to how long the 
filtrates would remain active without further addition of young cultures of 
the crown-gall bacteria and subsequent filtrations. Portions of filtrates III 
and V after the nineteenth passage through the Berkefeld filters were set 
aside on November 1. On January 20, dilutions of the filtrates in a series 
of 10 1 to 10 10 were made and one drop of a 24-hour broth culture of Ps. 
tumefaciens added to each tube. There was abundant growth in all of the 
tubes containing filtrate III, but no evident growth in filtrate V at the 
dilutions 10 s and below. After two additions of young cultures of the 
crown-gall organism and subsequent filtrations, the potency of lytic prin¬ 
ciples III and V was again tested in a similar manner. At the dilution 
10~ 5 no growth was evident four days after the addition of one drop of a 
24-hour broth culture of Ps. tumefaciens to 5 cc. of the lytic filtrate culture. 
In subsequent trials made February 16 and March 3, there was only a very 
slight inhibition of growth of Ps . tumefaciens in both the stock filtrates. In 
these trials, the clouding of the culture was less than in the check broth 
tubes, and, in addition, there was a noticeable clumping of the bacteria 
48 hours after adding one drop of the bacterial suspension to the filtrate. 
There was also a slight agglutination of the crown-gall bacteria at this time 
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in 1-10 dilutions of the filtrates. Growth at this dilution was almost as 
abundant as in the check tubes with the exception that no pellicle was 
formed. From these trials it appears that the bacteriophage does lose its 
potency upon prolonged standing in culture (about two and one-half 
months). 

SUMMARY 

A bacteriophage has been isolated from nonviable cultures of Pseudo - 
monos tumefaciens (raspberry isolation) in sterilized and nonsterilized 
soil, from a virulent culture of the same isolation of the organism in broth, 
and from a crown gall on sugar beet. In high concentrations the lytic 
principle from all of these sources has caused complete lysis of P $. tume¬ 
faciens in broth cultures. 

Cultures were made by adding 1 cc. of a 24-hour broth culture of Ps, 
tumefaciens to 1, 2, 3, 4, and 5 cc., respectively, of lytic filtrate III after 14 
nitrations. No infection resulted on young tomato plants from inoculations 
of the five cultures after being subjected to the action of the lytic agent nine 
hours or longer. 

Injections of the lytic filtrate of known potency into young tomato plants 
failed to prevent infection when the pathogene was inoculated into the plant 
by means of the puncture originally made by the hypodermic needle. 

The potency of the lytic agent was enhanced by additions of young broth 
cultures of Ps. tumefaciens to the stock filtrate along with successive filtra- 
tions through Berkefeld W filters. After 19 passages there was no evidence 
of growth of Ps, tumefaciens when added to dilutions 10~ 10 and 10* 1 , 
respectively, of filtrates III and V. At higher dilutions growth was 
inhibited for 72 to 120 hours after inoculation but later became abundant. 

The rough type of Ps, tumefaciens was recovered in poured plates from 
broth cultures of the lytic filtrate at dilutions of 10~* to MH, which showed 
no evidence of growth seven days after inoculation. Subcultures of the 
rough-type colonies were inoculated into other broth dilutions of the filtrate. 
From these cultures, showing moderate turbidity after seven days, Ps. 
tumefaciens , having the smooth-type colony, was plated out. 

The potency of the lytic filtrate is greatly reduced by heating for ten 
minutes at 80° C. and completely inactivated at 85° C. for the same length 
of time. * The, lytic action ofihe bacteriophage is inhibited by streaking 
on bile agar. * i 

The lytic ageqt when tried against Pm pruni, Ps . beticola, Ps. citri, Ps. 
vesicaterio, Pm pha&oli, B. atrosepticus, B. carotovorus , and Ps. tume¬ 
faciens inhibited grejvtl£of the crown-gall organism alone. 

♦ 4 In triabuiing 17 strips of Ps. tumefaciens, the lytic agent affected only 
the culture of the orgafijtan lr<$n which it was isolated. 
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The lytic agent V tried against cultures of Ps . tumefaciens, R and 1226, 
isolated at different times from separate raspberry galls, affected only the 
former culture from which the bacteriophage was isolated. Culture 1224, 
a reisolation of culture R after passage through weeping willow, was not 
affected by lytic filtrate V. 
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THE EFFECTS OF POTASH AND PHOSPHORUS ON 
TIP BURN AND MILDEW OF CABBAGE 

Charles Chuff 

Fully ten years ago the writer was called into Monroe County, New 
York, to diagnose a certain trouble on cabbage. The plants in a third of 
a field had nearly every leaf showing dead, brown or black margins, with 
the lower leaves fairly well spotted by Alternaria. In the most pronounced 
eases whole plants were somewhat dwarfed and loose of head. The only dif¬ 
ference in treatment to which the affected cabbage was subjected was a 
rather heavy side dressing with nitrate of soda. At that time the question 
arose as to whether the nitrate caused the plants to be more susceptible to 
Alternaria, which in turn might indirectly produce the tip burn effect. 

Since then a similar injury was observed in many Danish Ballhead 
cabbage fields, but only occasionally on the early and kraut varieties. It 
soon was determined to be worse some years than others, and on some farms 
than others. It seemed more prevalent when fall-plowed soil became too 
hard in the spring to be made friable by cultivating tools or when the 
ground was puddled in the spring when it was plowed. There seemed to 
be no correlation between the amounts of the trouble on high ground and 
low ground, although at times it was noticeable that the sloping land gave 
rise to more tip burn than did the level stretches in the same field. Neither 
did acidity nor alkalinity seem to play an important part in the production 
of the malady. 

All of these observations, together with the fact that some of the best 
growers maintained that they could not grow Danish cabbage after turning 
under a heavy alfalfa or clover crop, led to the conclusian that the tip bum 
uas the direct result of too large an application of nitrogen and that possi¬ 
bly the addition of a certain amount of superphosphate (acid phosphate) 
would counteract the supposed injurious effects of the nitrogen. It was 
some time before this supposition could be tested under field conditions, 
but, as the tip burn became more of a problem, and when the growers in¬ 
sisted that help was necessary if successful growing of the late crop was 
to be continued, experiments were undertaken in 1927. These dealt only 
with superphosphate and nitrate of soda. Not even a check without ferti¬ 
lizer could be included, as Mr. E. N. Reed of Cortland County, the grower 
who kindly had consented to cooperate, had treated all of his field with the 
superphosphate. Therefore, the only thing undertaken was to apply to 
part of the field a double amount of the superphosphate, then divide the 
area into plots on some of which no nitrate was added, on others the same 
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amount that Mr. Reed usually applied for cabbage, and on still others twice 
the amount of nitrate. One plot had three times as much nitrate of soda 
as was the usual application on this farm. All the other plots were repli¬ 
cated seven times. Sach plot consisted of four rows of 20 plants each. 

The arrangement of the plots was faulty, since all the double amounts 
of superphosphate were on one half of the experimental field and those with 
single applications on the other half. Fortunately, however, the regular 
part of the field was quite uniform in its amount of tip burn. The results, 
therefore, have some value in determining the effects of sodium nitrate and 
superphosphate on the prevalence of the disease. 

TABLE 1 .—Effects of phosphorus and nitrogen on tip hum in 1927. Seed farm 


Pounds of fertilizer applied per acre 


16 per cent super 
phosphate 


Nitrate of soda 


Percentage of tip burn 


1250 


166 

27.78 ± 1.104 

1250 


332 

17.22 ± 4.924 

1250 


None 

27.22 ± 6.389 

625 


166 

12.78 ± 3.408 

625 


332 

12.44 ± 4.285 

625 

(One plot) 

498 

17.00 - 

625 


None 

9.44 ± 0.613 



The results were unexpected, for the percentage of tip burn was in¬ 
creased rather than lessened where the amount of superphosphate was 
doubled. It also is true that where the amount of sodium nitrate was 
tripled the increased tip burn was very noticeable, but, where it was merely 
doubled, the amount of tip burn was not nearly so great as it was in the 
doubled superphosphate plots. 

The question then arose in regard to the importance of each of these 
two fertilizer ingredients in the production of tip burn and just what effect 
potash would have alone or in combination with either one of them. 
Previous work by Newhall 1 suggested that potash or nitrogen may increase 
the severity of tip burn in lettuce. Would it do the same in the case of 
cabbage f It was remembered, however, that the tip burn in lettuce begins 
on the younger, more tender leaves, and spreads outward to the older ones, 
while, in cabbage, the opposite is true, and that only when the trouble is. 
severe ar* the inner leaves injured enough to reduce the size of the plant 
and respiting h&ad^ Might not, therefore, the reaction of cabbage to pot* < 
ash differ from th*t lettuce! 

iNewtaStf A. <*■ Jfttt&ie* oa the tip bum disease of lettuce. Phytopath. 16: 58. 
1925. , * 
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Pio 1 T |> burn on a cabbage leaf. 


Ill 1928 rather detailed experiments ^ere made on the Reed farm, Cort¬ 
land County, and on the George Maier farm, Monroe County, to test more 
fully the effects of the various fertilizer elements on the disease. Inci- 
dentlv, the Maier farm was. one where tip burn had become so troublesome 
that it was being considered unprofitable to grow cabbage for storage. The 
yield was reduced and the harvested cabbage had to be either trimmed too 
closely for good keeping in storage or left with tip burned leaves from 
which secondary rots spread to various depths in the head. 


TABLE 2 .—Arrangement of the plots on the Mater farm , 1928 



N-PP-K 

P-N 

P-K 

P-P 

P 

N-PP-K 

P-N 

P-K 

P-P 

P 

N-P-KK 

K-N 

K-K 

P-K 

K 

N-P-KK 

K-N 

K-K 

P-K 

K 

NN-P-K 

N-N 

K-N 

P-N 

N 

NN-P-K 

N-N 

K-N 

P-N 

N 

N-P-K 

N 

K 

P 

0 

N-P-K 

N 

K 

P 

0 


P = Acid phosphate, N = Nitrate of soda, K = Potash, 0 = Check. 
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The arrangement on the Reed farm was similar, but had no complete 
fertilizer included. The plots in each of the experiments consisted of four 
rows and twenty plants in each row. There were not so many checks nor so 
large a number of replications as was desired because of limited space. 

The soil on the Reed farm was a Lordstown slit loam and on the Maier 
farm, Ontario fine sandy loam. On both places the soil was in excellent 
condition, having in the past years received heavy legume cover crops, 
some barnyard manure, and a definite amount of commercial fertilizer. 
The cabbage crop in both cases was very good, except for some tip burn, 
especially on the Maier farm. 

TABLE 3 .—Effects of fertiliser on tip bum in 1928 


Treatment 


Percentage of tip burn 


Reed farm 


Maier farm 


N-PP-K 

PP 


46.83 ± 8.792 


P 

PN 

NN 

N 

PK 

NN-P-K 

N-P-K 

KN 

K 

KK 

N-P-KK 

O (Check) 


38.32 ± 9.621 
16.78 ± 2.876 
1.05 ± 0.355 
2.44 ± 0.644 
7.79 ± 1.922 


1.25 ± 0.326 
4.83 ± 1.805 
1.56 ± 0.913 


9.98 ± 3.545 


34.04 ± 11.357 
13.63 ± 1.810 
26.62 :t 9.172 
26.88 ± 10.269 
18.42 rt 2.456 
17.54 it 2.507 
7.73 ± 2.798 
7.16 ± 0.161 
5.87 ± 1.604 
6.96 ± 1.189 
9.44 ± 2.04 
9.34 ± 3.241 
3.70 ± 0.608 
15.72 ± 6.178 


PP, NN, KK = Double amounts of these materials. 

The applications in all cases, throughout the three years, were made after 
the plants were set into the field, excepting the first year, when the super¬ 
phosphate was applied before the planting. The material for each indi¬ 
vidual plot was weighed separately and strewn over the soil by hand as 
uniformly as possible. A cultivator was then used to cover the fertilizer. 
On the Reed farm 333 pounds of nitrate of soda, 625 pounds 16 per cent 
superphosphate, and 200 pounds of muriate of potash (approximately 5-3-8 
formula) ware applied on the a<?r$ bask. In the case of the Maier farm 
the number of pounds was 80, 220, aim 40, respectively (approximately 
3-10-6>formpla). . 

Counts of tip ltan| were made late in September. It was difficult to 
> obtain aoepJjatelv -fie amount of the disease nresent. At first an attemnt 
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was made to count each tip burned leaf. This was very laborious and, be¬ 
sides, did not give a true representation, for some of the most seriously 
affected plants had fewer leaves because of the disease. Therefore, it was 
finally decided to divide the degree of infection into three classes: Mild, 
medium, and severe. Then, in getting the percentage, the number under 
severe was multiplied arbitrarily by three and that under medium by two. 
The sum of these was added to the figure under mild. Thus the figures in 
the tables would represent or be equivalent to the given percentage of mild 
tip burn. At least, the method gave uniformity in measuring the amount 
of injury and seemed better than merely counting the affected plants. The 
data were collected without consulting the copied plan of the experiment, 
so that the judgment would not be biased in making the counts. In addi¬ 
tion, other workers were asked to aid in the checking, to insure greater ac¬ 
curacy in the results. 

As might be supposed by working with anything as variable in its com¬ 
position as the soil, there was much variation in the percentages obtained. 
This was true particularly because, on the Reed farm, there was only a 
medium amount of rainfall, while there was more of it on the Maier farm. 
In consequence, the nitrogen seemed to reduce injury in the drier field and 
had little or no effect in the wetter one. These results with nitrogen were 
all the more striking, since, the following year, the condition in the two 
counties was just reversed. Still, nitrogen apparently reduced the amount 
of tip burn in the dry soil and had little effect where there was more rain¬ 
fall. It is for this reason that the combined figures for the three seasons 
are too variable in the case of nitrogen to say definitely what the results 
will be for any given year. 

Notwithstanding the variability in results from nitrate of soda, the ef¬ 
fects from superphosphate and muriate of potash were surprisingly uniform 
whether the soil was relatively wet or dry. Superphosphate, when used 
without potash, always increased the amount of tip burn. Potash always 
decreased it. For instance, single applications of superphosphate in 1928 
gave 38 and 27 per cent of tip burn, while the plots without fertilizer gave 
10 and 16 per cent and the single potash plots gave 5 and 9 per cent. The 
double superphosphate plots on the Maier farm gave a much smaller per¬ 
centage increase than was expected, but PP plots gave 47 and 14 per cent, 
respectively, on the two farms, in contrast to the 2. and 9 per cent of the 
KK plots. 

In 1929 the experimental plots were discontinued on the Reed farm, 
because the method of fertilizing seemingly furnished so nearly a properly 
balanced ration for the soil that tip burn was not serious enough to warrant 
the drawing of conclusions. Mr, Claude Rorapaugh of Cortland, who 
rented a farm quite depleted in plant food, kindly consented to act as a 
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cooperator. He permitted the use of an area large enough to supply sixty- 
four plots, of four rows each and thirty-seven plants in the row. The re¬ 
mainder of his field had an application of 600 pounds an acre of 16 per cent 
superphosphate and 300 pounds of a 10-10-10 mixture. The soil was a 
Chenango stony silt-loam type, which grew a large yield of cabbage. The 
experiment was continued on the Maier farm in Monroe County, although 
in another field. There also were sixty-four plots of four rows each with 
twelve plants to the row. A portion of the remainder of the field had 450 
pounds of 5-10-5 fertilizer and another portion 200 pounds of 0-12-18. 
The Rorapaugh farm had plenty of rain, but on the Maier farm there was 
almost none after the cabbage was set out. 


TABLE 4 ,—Arrangement of plots on Maier and Rorapaugh farms, 1929 


p 

1 K 

N 

O 

1 KN ! 

! n 

PN 

NN i 

KN 

PK 

K 

KK 

P 

PN 

PK 

PP 

PN 

KN 

NN 

' N 

I PK 

P 

PP 

PN 

N 

P 

O 

K 

K 

KN 

KK 

PK 

PK 

KK , 

KN f 

K 

K | 

O 

P 

N 

PN 

PP 

P 

PK | 

N 

NN 

PK 

PN 

PP 

PK 

PN 

P 

KK 1 

1 l 

K 

PK 

KN 

NN j 

PN 

NO 

KN 

O 

N 

K 

P 


On both farms the single applications of the fertilizing elements were the 
same as represented in a thousand pounds per acre of 5-10-5. Where the 


TABLE 5 .—Effects of fertiliser on the amount of tip bum on the Maier and Rorapaugh 

farms in 1929 


Percentage of tip burn 

i 


Treatment 


PP 

P 

( 5 - 10 - 5 ) 

(450 lbs.) 

PN 

O (Check) 
PK 


KN , 
NN 

( 10 - 10 - 10 ) 
(+660 lbf. P) 
(0-12-18) 
(200 It*}* 


Maier farm 


37.95 ± 4.263 
30.82 ± 5.601 

26.00 ± 3.028 

15.74 ± 2.305 
11.17 ± 3.032 
10.92 ± 2.350 
6.29 ± 1.702 
4.16 ± 0.952 
5.15 ± 1.504 
2.54 ± 0.556 l 

1.62 ± 0l28T f 


0.20 ± 0.224 


Rorapaugh farm 

5.70 ± 0.826 
7.21 ± 1.451 


8.86 ± 2.610 
1.04 ± 0.375 
1.36 ± 0A77 
0.17 ±: 0.108 
1.65 ±. 0.604 
0.00 

0.21 ± 0.132 
0.37 ± 0.215 

2.50 ± 0.859 








TABLE 6 —Summary of experiment t on (he effects of potash and phosphorus on the tip burn of cabbage 
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letters are doubled a double portion of this element was applied. The 
material was strewn as uniformly as possible by hand after the plants were 
set into the field and covered with the cultivator. The results in 1929 were 
substantially the same as those obtained in 1928. The effects of the nitrogen 
again were variable, but, in general, seemed to reduce the amount of tip 
bum. The superphosphate increased the amount of tip bum, and potash 
decreased it, as is shown by table 5. 

In none of the three years while the experiments were being conducted 
did the chosen fields show much tip burn. For this reason some of the prob¬ 
able errors are too large to make the figures significant. But, wherever tip 
bum was at all abundant it was easy to recognize a superphosphate plot 
from that which received potash. This is brought out fairly clearly when 
all the data are summarized in one table. 

The difference may be represented also by averaging the percentages of 
the five experiments. 


TABLE 7.— Tabulated summary of the results of three years’ experiments on the effects 
of potash and phosphorus on tip burn of cabbage 


Treatment 
of plots 

No. of 
experiments 

Percentage of 
tip burn 

PP .. • 

5 

26.266 ± 4.525 

P . 

5 

22,481 ± 3.039 

PN ..-. 

5 

16.210 ± 1.810 

NN . 

4 

5.365 ± 1.774 

KK.,.. 

4 

4.01 ± 1.214 

K .-.. 

4 

5.18 ±1.126 

KN ..~ 

4 

2.74 ±0.867 

O (Check) ..... 

4 

9.48 ±1.794 


In 1928 Quanjer* mentions a case where cabbage grown in experimental 
plots deficient in potash had much tip bum. Cauliflower, also, showed 
harmful effects under the same conditions, but the symptoms were of a dif¬ 
ferent nature. In the plots where the potash was supplied both crops were 
healthy, thereby showing that the lack of potash was the cause of the trouble. 
In a still more recent publication Schoevers* illustrated currant leaves that 
were dwarfed and tip-burned where potash was lacking and showed the 
healthy branches from plots where this mineral was supplied. It seemed 
that the form potassium sulphate was Jnore desirable than potassium 

* Qnanjar, H. M. Da invloed van kaligebrek op de vat baarheid van bloemkool 
voor Perdnospora parasitica.* Tijdaebr. Plantendekten 34 : 254-256. 1928. 

* Sdioevdta, *y. A. Q> tk n proof met swavelzure kali tegen “Bandjeaxiekte” bij 
toode beaaen. Tijdaebr. Plao|endektfa 34: 231-233. 1929. 
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chloride. Many other oases in literature could be cited where some form 
or ingredient of fertilizer was capable of changing the immunity or the sus¬ 
ceptibility of host plants to various types of diseases. Some of these eases 
have been proved beyond doubt, while many others are little more than con¬ 
jectures based on very meager experimentation. 

The data given in this discussion may not seem complete enough to 
justify much generalizing, but the results of the experiments, together with 
many observations, have persuaded the writer that the farmers have at hand 
a means of controlling their cabbage tip bum. On a number of farms a 
fertilizer high in potash, as 5-8-7, was used successfully in the control of the 
trouble and also induced excellent yields. The formula 4-12-4, used on 
some farms, increased tip bum wherever the disease was present. In one 
community, where the growers still clung to the old-time formula of 2-8-10, 
it was very noticeable that the late cabbage was not affected by tip bum. 
This statement is not meant as a recommendation of such a formula but is 
given merely to show that fertilizer with a high j>otash analysis sometimes 
is desirable. 

No attempt was made to determine the reason why lack of potash or an 
increase of phosphorus causes tip bum; but in a talk with a plant physiolo¬ 
gist it was suggested that potassium is in some way connected with the 
respiration processes and is found most abundantly in the meristematic 
tissue. In a plant depleted of this mineral, the potassium may be with¬ 
drawn from the older tissues and localized in the meristematic areas. On 
the other hand, an increase in phosphorus, an element necessary to cell 
division, might tend to increase the growing area and thus hasten the potas¬ 
sium withdrawal from the leaves. Because of the consequent incomplete 
respiration, this would be followed by the presence of toxic substances that 
might cause the dying of the leaf tissue. 

No plot yields are given because, where single elements were used, the 
yield necessarily was reduced. Furthermore, no attempt was made to get 
the combination of fertilizer that would produce the highest yield. That 
is a subject for the agronomist and not for the pathologist. 

Quanjer, 4 in the article previously quoted, discussed the effect of potash 
on the presence of downy mildew of cabbage and cauliflower (Peronospora 
parasitica (Pers.) de Bary). He came to the conclusion from his observa¬ 
tions that downy mildew was much more severe in the plots lacking potash. 
He mentioned also work that had been done on Plasmopara viticola and 
Bremia lactucae in which quite similar results were obtained. He is in¬ 
clined to believe that all downy mildews might react in the same manner. 

4 Loc . rtf. 
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The fertilised plots for tip burn in 1929 had a fairly large amount of 
downy mildew on the leaves and, therefore, afforded an opportunity for 
obtaining information regarding the influence on this disease. The data 
obtained in the two counties are given below. 

TABLE 8.— Effects of fertiliser on the downy mildew of cabbage 


Average number of mildewed leaves in the plots 


Treatment 

Rorapaugh farm 1 

74 plants counted per plot | 

Maier farm 

48 plants per plot 

KK 

72.345 ± 2.704 1 

14.325 ± 2.533 

K 

71.446 ± 5.389 

12.525 ± 1.449 

PK 

56.031 ± 7.150 

11.700 ± 3.260 

KN 

53.449 ± 5.527 

16.037 ± 2.314 

NN 

43.360 ± 6.961 

11.725 ± 1.487 

N 

40.714 ± 2.989 

19.950 ± 2.717 

PN 

31.939 ± 4.580 

19.875 ± 4.333 

O 

' 28.347 ± 1.910 

11.175 ±3.032 

P 

25.647 ± 6.113 

5.237 ± 0.722 

PP 

19.910 ± 2.561 

1.825 ± 0.580 

0-12-18 

.. 

22.600 ± 2.239 

5-10-5 


22.000 ± 1.780 

(10-10-10) 

(+600 P) 

14.292 ± 1.275 



It was less difficult to record the amount of mildew than of the tip burn. 
The number of spots on a leaf was correlated very closely with the number 
of affected leaves per plant. Therefore the record was taken by counting 
the number of affected leaves in each plot. 

The information at hand is insufficient to permit drawing conclusions, 
especially since the figures for the Maier farm are so variable. But the re¬ 
sults of the one year seem to be diametrically opposed to the observations 
of Quanjer. It would be interesting to follow this with at least two more 
years of experimentation to prove more fully the effect of the different fer¬ 
tilizer ingredients on tbe downy mildew. Since this is not possible at the 
present time, these observations and figures are given with the ho]>e that 
some one else will study the subject more fully. 

When recording the data the potash plots were evident because there 
was little'tip *4>urn and Much downy mildew. The superphosphate plots 
could be recognized because of just the opposite results. The nitrogen also 
seemed tp increase tbe mildew. This was true both on the Maier farm 
where jainfall was almost entirely lacking and on the Rorapaugh farm 
where jthe rthffall wat dlundant., On the latter farm potash very evidently 
increased mildew, whilejn bot£ farms phosphorus decreased it. A table 
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giving the odds in comparing some of the plots having potash with those 
having superphosphate will give something regarding their relative im¬ 
portance. 


TABLE 9 .—Odds as obtained by the “Student’s 99 Table in comparing some of the 

mildew plots 


Treatment of 
plot* 

Plots with which 
compared 

Odds showing relative significance of 
difference 

Rorapaugh farm 

Maier farm 

KK 

PP 

1249 to 1 

16 to 1 

K 

P 

2499 to 1 

293 to 1 

PK 

PN 

28 to 1 

1 to 4 

KN 

PN 

97 to 1 

1 to 2 

NX 

0 

3 to 1 

1 to2 

K 

N 

2499 to 1 

1 to 3 

O 

PP 

4 to 1 

3 to 1 

KK 

0 

4999 to 1 

ltol 


There was almost three times as much mildew on the Rorapaugh farm 
as on the Maier farm which lacked the summer rains. This aids in making 
the odds insignificant on the latter place. But on both farms there is evi¬ 
dence to show a significant difference between the K and P plots and even 
the KK and PP ones, although the results from the double applications were 
not so consistent as were those from the single amounts of potash and phos¬ 
phorus. 

As was stated above, no conclusions may be drawn from the two experi¬ 
ments. But, even if potash were found to increase downy mildew, the fact 
would be of little economic importance; for, under New York State condi¬ 
tions, mildew never is serious enough in the field to cause any reduction in 
yield. Therefore, the recommendation that a fertilizer formula with a 
larger percentage of potash be employed in combating tip burn can still be 
followed with no fear of increasing another trouble. The only place where 
dow'ny mildew might ever be of consequence is in the seed bed, so that if 
the data on the Rorapaugh farm later prove correct the seed bed could be 
protected from mildew by a heavy application of superphosphate and a cor¬ 
respondingly light one of potash. 

SUMMARY 

Tip bum of cabbage is fairly general and sometimes severe on Danish 
Ballhead cabbage grown in New York State. The trouble rarely is found 
on kraut and early varieties. Heavy applications of superphosphate (acid 
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phosphate) increased the amount of tip burn, especially where nitrogen and 
potash were lacking or were present in small amounts. 

Nitrate of soda had little effect for or against the production of tip burn. 
It seemed to increase the disease when the applications were heavy. 

Muriate of potash reduced the amount of tip burn enough to recommend 
it as a practical control measure. The fertilizer ratio 1-2-2, as represented 
by the formula 5-8-7 or similar ones, is approximately the correct one on 
the farms where the experiments were conducted. 

Downy mildew of cabbage was present very prominently on one farm 
where the tip-burn experiments were conducted, and a small amount on the 
second farm. 

Preliminary experiments indicate that potash and nitrogen may increase 
the amount of downy mildew of cabbage and that phosphorus seems to de¬ 
crease it. The one year’s results do not permit the drawing of conclusions. 

Cornell University, 

Ithaca, New Yopk. 



RELATION OP ENVIRONMENTAL FACTORS TO GROWTH AND 
PATHOGENICITY OP PYTHIUM ISOLATED PROM 
ROOTS OP SUGAR CANE 

H. H. Floe 

The disease of sugar cane usually referred to as root rot and growth 
failure is of great economic importance in most sugar-producing countries. 
The disease retards the growth of the cane, following a deterioration of the 
roots. Investigators have attempted for many years to determine the cause 
of this disease, and, from time to time, various organisms or soil conditions 
have been stated to be important factors. The prevailing opinion as has 
been brought out by Edgerton, Tims, and MilLs (5), is that a number of 
factors are involved. 

One of the factors generally recognized to be important in the root- 
rot problem is the root decay caused by species of Pythium or Pythium-like 
fungi. Carpenter (2), Bourne (1), and Edgerton and his coworkers (4, 5) 
have all shown that certain species of Pythium attack the roots and produce 
a soft, flabby rot of the root tips. The percentage of roots thus affected 
under field conditions is frequently very high. At the same time, the in¬ 
vestigations in Ijouisiana (5) have shown that the species of Pythium 
capable of rotting cane roots are universally present in fields of healthy cane 
as well as in those suffering from root rot. From this, it seems possible that 
the severity of Pythium injury depends more or less on environmental 
conditions. 

To obtain some information on the importance of various environmental 
factors in the root-rot problem a series of experiments have been conducted 
to determine the influence of moisture, temperature and hydrogen-ion con¬ 
centration on the growth of Pythiums in culture and on the development of 
Pythium root rot of corn. 

In the infection experiments, com was used instead of sugar cane. 
Earlier investigations at the Louisiana Agricultural Experiment Station had 
shown the behavior of the parasitic Pythiums almost the same on both. 
Sugar cane is propagated vegetatively, and, because the buds usually germi¬ 
nate very unevenly and the young plants grow slowly during the winter 
months, it cannot be so readily employed in infection experiments as corn, 
nor does it yield such reliable results. 

TEMPERATURE STUDIES OP PYTHIUM IN CULTURE 

The effect of temperature on the rate of growth of sugar cane Pythiums 
was obtained with eight different cultures. Pour of these (931, 1432, A, 
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and B) were parasitic forms isolated from cane roots in Louisiana. These 
produced the lobed, enlarged hyphae characteristic of the species known to 
be the most important form found on cane. A fifth culture (1285), which 
came from Hawaii, was obtained from cane roots affected with the Lahaina 
disease. This culture also produced enlarged hyphae. Two other cultures 
(1436 and C), also isolated from cane roots in Louisiana, were only slightly 
parasitic. The eighth culture (D), although isolated from decaying cane 
roots, was of a nonparasitic species. 

To obtain the effect of temperature on these organisms transfers were 
made from the margins of rapidly growing cultures to petri dishes contain¬ 
ing Difco dextrose agar. The plates were placed in constant-temperature 
incubators which had a temperature range of 15° to 36° C. The increase in 
diameter of each colony was measured at 12-hour intervals and the average 
growth in three plates obtained. The results are given in table 1. 

TABLE 1 .—The influence of temperaline on the rate of growth of sugar-cane rythiums 

on dextrose agar 


| Culture number or designation 

T ™ rrr i 931 1432 a ® 1283 ° 1436 d 

Diameter increase of colonies in 12 hours (cm.) 


15 

1 1.3 

1.1 

1.0 

0.9 

1.1 

0.9 

09 

0.7 

20 

2.1 

2.0 

1.8 

1.7 

1.9 

1.9 

2.1 

0.8 

25 

2.5 

2.6 

2.6 

2.5 

2.6 

2.5 

3.2 

1.0 

30 

1 2.8 

2.9 

2.9 

2.9 

2.9 

3.2 

4.0 

1.1 

36 

, L4 

1.7 

1.7 

1.4 

2.0 

2.5 

3.2 

U.5 


As shown in the table, the growth of all the parasitic cultures was nearly 
the same. The rate of growth increased with the temperature up to 30° C. 
and fell off markedly at 36° C. Thirty degrees was also the most favorable 
temperature for the mildly parasitic forms, but these made a fairly good 
growth at 36° C. The last two cultures seemed to be somewhat different, 
1436 growing considerably faster than C at all except the lowest tempera¬ 
ture. The nonparasitic form grew slowly at all temperatures. 

Although the differences in the rate of growth of the parasitic cultures 
were slight, thq results indicaJteAthat at lower temperatures 931 grew faster 
than 1432, white kt higher tefftperatures the reverse was true. Because of 
this, these two cultures were studied at narrow temperature ranges. From 
tltys study it wijp found thht, at 25* C., the rate of growth was approximately 
{he same for both. At temperatures below 25*, 931 grew somewhat faster 
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than 1432, while at temperatures above 25° it grew more slowly. These 
results are of interest because 931 had been growing in culture for three 
years and 1432 only one year. In this time 931 had become decidedly less 
parasitic than it was at first. 

RELATION OF H-ION CONCENTRATION TO GROWTH 

Early in the investigations on the root-rot problem it was observed that 
parasitic Pythiums were rarely obtained when diseased roots were plated 
on acidified media but were readily obtained on nonacidified media. It was 
thought desirable therefore to obtain more information concerning the in¬ 
fluence of H-ion concentration on the growth of Pythium. 

A number of nutrient solutions were used in preliminary trials. The 
one judged most suitable consisted of 20 grams of dextrose, 3 grams of beef 
extract, and 5 grams of peptone made up to 1000 cc. with distilled water. 

The usual technique for this type of work was employed. The beef ex¬ 
tract, peptone, and sugar were obtained from the Digestive Ferments Com¬ 
pany. Pvrex glassware and water distilled over block tin were used. The 
H-ion determinations were made colorimetrically with LaMotte indicators. 
Because sugars react with acids and alkalies when heated under pressure, 
these were sterilized separately. The nutrient solution was made up to 600 
cc. instead of a liter. Flasks of 250 cc. capacity were used, 60 ce. of the 
concentrated solution being placed in each flask. Sufficient distilled water 
was then added so that, when the required amount of tenth-normal acid or 
alkali was added after sterilization, the total volume in each flask was 100 
ec. These flasks were inoculated and the amount of growth was determined 
at weekly intervals by collecting the mycelium on a weighed filter paper 
dried to constant weight in an oven at 100° C. The paper and mycelium 
were weighed after these had been similarly dried. 

Twenty-four flasks of medium were prepared for each H-ion concentra¬ 
tion to be tested. Eighteen flasks were inoculated with Pythium 1432 by 
transferring a small portion of the medium and mycelium from the margin 
of a three-day-old dextrose-agar culture to each flask. Six flasks were kept 
as controls. It had been planned to determine the pH and amount of fun¬ 
gous growth in three inoculated and one control flask each week for a period 
of six weeks, but contaminations limited the experiment to five weeks. The 
results of the tests are given in table 2. 

The results in the table indicate that a neutral or slightly alkaline 
medium is most favorable for growth of Pythium. The fungus did not 
grow in solutions of initial pH 4.3 or 4.6. Growth was retarded at first in 
those flasks having an initial pH of 5.3, but by the end of three weeks it was 
as great as in solutions of a more favorable II-ion concentration. Best 
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growth was obtained in the solution having an initial pH of 8.3, but growth 
in the solution to which no acid or alkali had been added was only slightly 
slower. The most alkaline media were beyond the range of the indicators, 
hut growth was greatly retarded or stopped at a pH greater than 9.6. 

The metabolic products of fungous growth changed the pH of the media 
towards 6.0 regardless of the initial H~ion concentration. This tendency to 
ehange the pH towards 6.0 continued as long as the mycelial felt increased 
in weight. After maximum growth had been reached, the solutions uni¬ 
formly became alkaline, as shown in the tests made after four and five 
weeks. 

THE INFLUENCE OF TEMPERATURE ON INFECTION 

In order to determine the effect of temperature on the rotting of roots 
by Pythium, corn was grown in No. 2 metal cans in temperature-controlled 
incubators. The cans were filled with soil and then sterilized in the auto¬ 
clave for two hours at 15 pounds pressure. Before planting, the soil w’as 
inoculated with pure cultures of Pythium, strains 931 and 1432. A single 
three-day-old petri-disli culture of the fungus on bean-pod agar served as 
inoculum for each can, and a similar amount of sterile bean-pod agar was 
placed in each control can. Five germinating seedlings of the variety Cal¬ 
houn Red Cob were planted in each can. Three cans of each Pythium and 
the same number of checks were grown at each temperature. The soil was 
maintained at 60 per cent of its water-holding capacity by weighing daily. 
The plants were allowed to grow' and the height was obtained by measuring 
to the end of the longest leaf. The amount of rot present on the roots was 
also observed. The results of this test are given in table 3. 

TABLE 3 .—Influence of temperature on growth of corn tn Pythium-infested toil tn 

temperature t ncubator* 


Temperature 
degrees C. 

Period of 
growth 

Average length of tops in cm. | 

Percentage decrease 

Check 

Pythium 

931 

Pvthium 

'1432 

Pythium 

931 

Pvthium 

1432 

35 

5 

24.2 

25.8 

22.2 

6* 

8 

30 

5 

30.0 

23.5 

19.0 

22 

37 

26 

5 

26.8 

15.4 

12.0 

43 

55 

23 

5 

17.4 

12.2 

10.8 

30 

38 

20 

10 

30.0 

19.0 

19.6 

37 

35 

15 

20 

19.5 

10.1 

9.3 

48 

52 

* = Increase. 

Both strains of Pythium were 

severely parasitic at the intermediate and 


lower temperatures, but 931, which had been in culture three years, ap- 
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peared to be less parasitic than 1432, which had been in culture only one 
year. A temperature of 35° C. was too high for the best growth of corn, 
but at this temperature there was very little rotting of the roots. At 30° C. 
the com grew best, although there was considerable rotting. As the tem¬ 
perature was lowered, Pvthium injury to the roots became more severe, and 
at 15° C. even the main roots were rotted off nearly to the seed. These re¬ 
sults agree closely with those of Johann et al. (6), who found that Pythium 
arrhenomanes Drechs., which causes a root rot of corn in Wisconsin and is 
very similar to the cane Pythium (3), was more pathogenic at low' than at 
high temperatures and in w T et than in dry soils. 

Another form of Pythium injury was noted at the low’ temperatures. In 
a number of cases there was a rot of the mesocotyl and the stem above the 
seed, and the Pythium mycelium was found in the decayed areas. This 
type of injury w'as not found on corn grow’n at temperatures above 23° C. 
An occasional plant was found partly rotted at 23° (\. but at 20 and 15° C., 
this type of rotting w r as quite prevalent. 

INFLUENCE OF SOIL MOISTURE AND TEMPERATURE ON PYTHIUM INFECTION 

To determine the effect of soil moisture on Pythium infection on corn 
roots, a series of tests was run in the greenhouse in the spring of 1928. Cans 
of No. 2 size were filled w’ith a good mixed soil and, after sterilization in the 
autoclave at 15 pounds pressure for two hours, each was inoculated with 
strain 931, a three-day-old petri-dish culture of a parasitic sugar-cane 
Pythium. Each can was then planted with surface-sterilized corn kernels 
of the variety Calhoun Red Cob. Water was then added so that the mois¬ 
ture content of the soil varied from 20 per cent to 100 per cent of the maxi¬ 
mum water-holding capacity of the soil. Quadruplicates of each variant 
were used. In order to determine the effect of temperature variations also, 
the test was run every month from March to June. The soil temperatures 
in the greenhouse during the test periods were as follows: 




Minimum 

Maximum j 

Mean 



°F. 

r 

°F. 

°F. 

March. 


56 

67 

60 

April . 


51. ' 

72 

63 

May . 

.. 

64 

79 

# 88 

71 

June _ 

* 

- 

75 

82 


The gemination of $he seed and the height of the plants were used as 
criteria of Btyfhium injury. The results of these tests are given in tables 
4 and 5; 
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TABLE 4 .—Influence of toil moisture and temperature on the growth of corn in 

Pythium-infested soil 


Percentage of j 



Length of tops in cm. 




water-holding 1 
capacity of the ' 

March 1-11 

April 2-21 | 

May 2-21 , 

June 8-19 

soil , 

Check 

Pythium 

Check 

Pythium j 

Check Pythium 

Check 

Pythium 

20 

5.6 

4.3 

3.0 

3.0 

8.5 

7.5 

4.6 

3.3 

30 

12.2 

8.1 

10.9 

11.9 

18.7 

16.2 

8.3 

6.3 

40 

14.9 

9.8 

16.5 

12.7 

26.4 

22.3 ' 

16.2 

13.1 

50 

17.2 

10.8 

20.9 

12.1 

34.0 

22.2 

23.1 

19.9 

60 

17.8 

10.3 

25.0 

11.6 

38.4 

19.7 

26.7 

18.5 

70 

18.3 

8.1 

22.6 

9.1 

36.4 

16.3 

28.3 

18.4 

80 

18.9 

10.0 

23.4 

8.5 

38.8 

11.5 

29.6 

17.2 

00 

14.5 

0.0 

20.6 

0.0 

0.0 

0.0 

28.6 

15.4 

100 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


TABLE 5 .—Influence of soil moisture and temperature on the germination of corn 

in Pythium-infested soil 


Percentage of 
water-holding 
capacity of the 
soil 



Percentage of germination 



March 1-11 

April 2-21 

May 2-21 

June 8*12 

Check 

Pythium 

Check 

Pythium 

Check 

Pythium 

Check 

Pythium 

20 

12.5 

7.5 

2.5 

10.0 

77.5 

75.0 

12.5 

10.0 

30 

95.0 

92.5 

87.5 

77.5 

97.5 

90.0 

27.5 

45.0 

40 

100.0 

95.0 

97.5 

90.0 

90.0 

95.0 

92.5 

80.0 

50 

97.5 

80.0 

97.5 

85.0 

92.5 

90.0 

97.5 

95.0 

60 

87.5 

55.0 

80.0 

57.5 

85.0 

77.5 

90.0 

95.0 

70 

77.5 

37.5 

62.5 

32.5 

80.0 

45.0 

97.5 

95.0 

80 

70.0 

15.0 

30.0 

20.0 

12.5 

17.5 

85.0 

72.5 

90 

35.0 

0.0 

12.5 

0.0 

0.0 

0.0 

67.5 

40.5 

100 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

i 

0.0 

0.0 


The data in table 4 show that reduction in growth due to Pythium was 
most pronounced during the cooler months and in the wetter soils. Soil 
maintained at 20 and 30 per cent of its water-holding capacity was too dry 
for good growth of com, but in this dry soil there was little Pythium injury. 
As the soil moisture was increased, the difference between the com growing 
in the inoculated and in the noninoculated soils became greater, but the size 
of the plants in the Pythium soil increased with the increase in moisture 
content until the 50 per-cent series was reached. In Pythium soil kept 
wetter than 50 per cent of its water-holding capacity, the com plants de¬ 
creased in size with increase in soil moisture; whereas, in the noninoculated 
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soil, the plants increased m size with the soil moisture until the 80 per-cent 
series was reached. Injury due to Pythium was also more pronounced 
during the cool than during the warm months. In March, April, and May, 
the com growing m the Pythium-infested soil kept at 50 per cent of its 
water-holding capacity was only about 60 per ce’nt as tall as the check, 
while, in June, it was 85 per cent In figures 1 and 2 are shown plants from 
the March and May series. 



Fig. 1. Relation of soil moisture to Pythium injury (a) Corn plants grown in 
sterile soil with the moisture ranging from 20 per cent to 100 per cent of the water¬ 
holding capacity of the soil, (b) Similar to the above, except the soil was reinoculated 
with Pythium. Growth from March 1 to March 10, 1928. 

The germination results are quite regular except at the extreme moisture 
variations where the soil was too dry or too wet. The inoculation of the soil 
with Pythium did not materially^affect the germination of com in soil kept 
at 30 or 40 per ceht of its water-holding capacity. In the series conducted 
during the cool months of March, and April there was a noticeable reduction 
in germinitio$r at 50 per cent in the Pythiojn-infested soil, in the May 
senes this reduction was evident at 60 per Sent; while, in June, the 80 per¬ 
cent Pythiiftn-inieated soil was the first to show a significant reduction in 
jgermuu^fbQ. These tarts indicate that both the growth and germination 
qI corn in J^ythium-iaillrted soil are closely correlated with soil moisture 
and temperature. 









Fig. 2. Relatioh of soil moisture to Pythhim injury. Corn plants grown in sterile 
soil and in sterile soil reinoeulated with a pure culture of Pythium. Of each group of 
two plants the one on the left was from the inoculated soil. Moisture content of soil 
varied from 20 per cent to 80 per cent of the water-holding capacity of the soil. Growth 
fiom 2 to May 21, 1928. 

DISCUSSION 

These studies were undertaken in order td obtain additional information 
regarding the environmental factors which influence the severity of the 
decay of cane roots caused by species of Pythium. The results obtained 
have ghen some interesting information in regard to the effect of tempera¬ 
ture, soil moisture, and soil acidity. 

It is known that root rot of sugar cane is more severe in poorly drained 
fields and in seasons of excessive rainfall (4) and exceptionally low tempera¬ 
ture in January, February, and March. This is explained to a certain 
extent by the results given in this paper. Although the growth rate of 
Pythium increases* with the temperature up to 30° C., the effect of the 
fungus on growing plants is more severe at lower temperatures. Only young 
terminal portions of the roots are subject to attack and it is possible that 
the cool weather holds the roots in a susceptible condition longer than warm 
weather. 

The results obtained in the soil-moisture studies agree closely with con¬ 
ditions in the field. The effect of the fungus was severe only in soils with a 
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water content greater than 50 per cent of the moisture-holding capacity. 
This emphasizes the importance of the best drainage possible, especially dur¬ 
ing winter and spring, when the cane grows very slowly. 

The hydrogen-ion studies show that the Pythium fungi can grow readily 
in any of the Louisiana soils used for cane culture. The results indicate 
that the fungi grow well from pH 5.6 to 9.2, and most of the cane soils are in 
the neighborhood of the neutral mark. 

SUMMARY^ 

1. The growth rate of strongly parasitic, mildly parasitic, and nonpara- 
sitic cultures of Pythium, isolated from the roots of sugar cane, increased 
with the temperature up to 30° C. The rate of growth of the strongly para¬ 
sitic cultures fell off sharply at 36° C. 

2. A parasitic Fythkpn grew well in solutions of pH 5.3 to 9.2. It did 

YY * * * * “ >« » ^ - 

not grow at pH 4.6. 

3. Pythium injury to germination and growth of com decreased with 
rise in temperature. At 35° C. Pythium did not injure com. At 30° C. 
there was an appreciable amount of injury and, as the temperature was 
lowered, injury became more severe. 

4. Pythium injury to germination and growth of com increased with the 
water content of the soil but was less severe in wet soils in warm than in 
cold weather. 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 
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AN OFFSHOOT AND LEAFSTALK DISEASE OF DATE PALMS 
DUE TO DIPLODIA 1 

Howard 8. Fawcett* 

In January, 1928, the attention of the writer was called to this disease 
on offshoots of date palms, Phoenix dactylifera L., by members of the staff 
of the United States Department of Agriculture Experiment Date Garden, 
Indio, California, who have given helpful cooperation throughout this in¬ 
vestigation. 

The disease had been observed by the writer on leafstalks in one date- 
palm garden the preceding year. It has since been found in a number of 
gardens throughout the Coachella Valley. One of the date growers re¬ 
ports having observed the offshoot form of the disease ever since date 
growing was established in that section. The disease appears to be most 
common on the Deglet Noor variety. 

SYMPTOMS 

In severe cases the disease results in death of offshoots either while they 
are still attached to the mother palm or after they have been detached and 
planted out. The disease sometimes also causes a premature death of leaves 
in older palms. 

In offshoots the disease manifests itself in two distinct types; one, in 
which the outside leaves die first and the younger shoots and bud remain 
alive for some time; the other, in which the dying-back of the center of 
offshoot or bud precedes the death of the older leaves. It appears from the 
investigation and observations thus far carried on that the manner and 
place of infection largely determine which of these two types will occur. 
The infection appears to take place either at the base of the offshoot, near 
the place where it joins the mother palm, and probably prevents sufficient 
water from getting to the young leaves, or the older infection takes place 
in the outside leaves of the offshoot first and spreads later to the newer 
leaves and to the heart. 

In the leaves of older palms the ventral midportion of the stalks is the 
part most commonly affected, showing yellowish brown streaks running 
upward 6 inches to 3 or 4 feet from the base (Fig. 1, A). The disease may 
spread laterally from one leaf base to others in close proximity. Fre¬ 
quently, these streaks extend upward on one of the lateral angles of the 

* Paper No. 213, University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Biverside, California. 

* Professor of Plant Pathology. 
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Fig. 1. A. Leafstalk of Phoenix dociyhfera invaded by IKplodia showing dis¬ 
colored streak extending up from base at the midventral portion (about one-half natural 
size.), B. Cross section showing region of dark brown tissue in the interior of a leaf¬ 
stalk invaded by Diplodis. (About naturaljsUe.) 

leafst&Ik. These streaks may sometimes extend upward long distances, 
while the upper"portion of the leaf is still normally green and apparently 
unaffected. The ttfar and size of these streaks vary according to the age 
of the leaves. O^a leaf still £nen these streaks may be 3 to 4 inches wide 
at the base, narrojfing rapidly upward to a width of half an inch or less. 
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The outside color near the base may be pecan brown to terra cotta. On 
a cross section (Fig. 1, B) the tissue may appear chestnut brown to raw 
umber at the center and cinnamon buff on the edges where the tissue has 
been more recently involved. In a large leaf these brown streaks have 
been observed to extend as much as 4$ feet from the base and beyond this 
point to extend 2£ feet farther, as a yellow streak. 

ISOLATION AND INOCULATION EXPERIMENTS 

Early in 1927 isolations of a Diplodia were made from the interior tissue 
of streaks in a leaf base and inoculations were carried out on leaf bases of a 
healthy palm in the same orchard in March, 1927. While infection was seen 
to be taking place after several months, its progress seemed to be slow and 
the inoculated plant was not carefully watched. Two years after the inocu¬ 
lation was made, not only were the infected leaves dead, but a near-by 
offshoot on the same palm was found badly infected. The angles of the 
petioles of three other leaves nearest those inoculated showed characteristic 
streams extending upward from the base. The disease in this palm had all 
the appearances of having definitely progressed from the inoculated leaf 
bases. From these streaks in the leaf bases, as well as from the diseased 
offshoot, Diplodia was again isolated. 

In January, 1928, Diplodia was again isolated from the discolored tissue 
of a dying offshoot in another date garden. This Diplodia culture was 
inoculated into the leaf bases of healthy palms in this date garden in March, 
1928. In three months the largest lesion was 5 inches long apd 1£ inches 
wide and, in seven months, it was 7 inches long and If inches wide (Fig. 2, B) 
and had spread inwardly almost entirely through the interior tissue of the 
leafstalk. This leaf was removed and Diplodia was again isolated in pure 
cultures from the advancing margins of the lesion. A number of other 
lesions, somewhat smaller in size, were produced at the same time. 

A similar set of inoculation experiments was carried on in a third date 
garden from which Diplodia had been isolated from the leaf bases of older 
palms, and these gave similar results. The same fungus has been isolated 
from two other date orchards, making five in all. These experiments indi¬ 
cate that this Diplodia is the causal agent in the disease. 

CONTRIBUTING FACTORS 

Observations indicate that, although wounds made in pruning contribute 
to infection leading to the development of the disease (Fig. 2, A), such 
wounds are not always necessary to infection; especially, in case of offshoots. 
For example, in one Deglet Noor garden where the disease is doing much 
harm to offshoots, no pruning of leaves on either the mother trees or their 
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Lesion* le a fst a lk * of Phoenix dactylifera resulting from Biplodia in- 
faction. & By means of an indentation at cut occurring accidentally in pruning. B. 
By meaiu of an inoeubdion fr^n asdter© of tbe fungus purposely placed in a small cut 
near middle of present&rack (crack has been elongated during development of lesion). 
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offshoots has ever been done except when cuts were made in removing off¬ 
shoots from the mother palms for planting. These are growing in good soil 
and have been growing very rapidly as the result of being well fertilized and 
well irrigated. Many growers have assumed that dying of offshoots under 
such conditions was due to 4 ‘crowding off” by the very rapid growth of the 
palms. It is possible that in some cases this rapid growth may cause strains 
on the union between the offshoot and mother palm, causing cracks in which 
infection could more readily take place. This point has not been suffi¬ 
ciently investigated. The type of the disease which begins first in the outer 
leaves either of the offshoots or of the older palms appears to be aided by 
wounds. Another condition that may contribute to the disease is severe 
defects in irrigation where main roots may be accidentally allowed to dry 
out and die back. Such accidental defects in irrigation practice had been 
reported in some of the gardens where the disease was most prevalent on the 
leaves of older palms. A number of other organisms also have been found 
which arc probably secondary, but some of them may aid in increasing the 
severity of the disease. The principal fungi sometimes found associated 
with the Diplodia are Penicillium roseum, Aspergillus niger v. Tiegh., and 
species of Fusarium and Rhizopus. 

CAUSAL FUNGUS 

The Diplodia found in the diseased tissue is similar in size of spores to 
Diplodia natalensis Evans. It seems probable, however, that it is a dif¬ 
ferent strain from the Diplodia natalensis that produces stem-end rot and a 
type of gummosis of Citrus in Florida. The fungus has not been found 
attacking Citruo fruits nor the bark of Citrus trees growing close to date 
palms in the date gardens of the Coachella Valley. 

The spores are at first unicellular and hyaline like those of the form 
genus Macrophoma, but later, under certain conditions, they become dark 
and bicellular and measure 22 to 24 p by 10 to 12 The light-color spores 
are of about the same size. The pycnidia have not been found on the leaf 
bases of the older palms while they are still alive and attached to the tree 
under conditions in Coachella Valley, but are common on dead leaf parts 
at certain times. They are formed also on inside protected dead leaves of 
dying offshoots; and, if the stained interior tissue of the lesions on leaf bases 
is placed in a moist chamber, pycnidia are formed on the surfaces. 

SUGGESTIONS FOR CONTROL 

While results have not yet been obtained from control experiments, cer¬ 
tain suggestions may be made. Observations strongly indicate that infec¬ 
tion readily enters the wounds made by tools in pruning the leaves 
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(Fig. 2, A). It would, therefore, appear to be a proper precaution to dis¬ 
infect all tools and cut places in operations where cuts have to be made. The 
cut surfaces made in removing offshoots from the mother plant should be 
disinfected and as much as possible of the dead and functionless tissue re¬ 
moved, disinfected, or burned. One of the date growers has reported bene¬ 
ficial results by such practice in planting out new offshoots in which he has 
removed any discolored tissue at the base and disinfected the cuts with a 
mixture containing 2 per cent of commercial Formalin 4 and 98 per cent 
water. It is also suggested that the tools be disinfected with the Formalin 
or some other good fungicide. As a further means of prevention, it is sug¬ 
gested that the palms be sprayed with an ammoniacal solution of copper 
carbonate. This will probably penetrate the crevices between the leaf bases 
better than Bordeaux mixture, since it is a clearer liquid than the latter. 
It is also likely to spread more readily on the waxy surface because of its 
more alkaline nature. Five ounces of copper carbonate, 3 pints of am¬ 
monia (26° Baume) to 50 gallons of water may be used. The ammonia 
should first be diluted with 1 gallon of water. The copper carbonate is made 
into a paste with water and slowly added to the dilute ammonia, after which 
water is added to make 50 gallons. 

8 Commercial Formalin is a mixture containing 40 per cent of formaldehyde gas. 



INSECTS AS POSSIBLE CARRIERS OP THE CITRUS-SCAB 

FUNGUS 1 

Anna E. "Jenkins 


The importance of insects in the transmission of plant disease is already 
recognized in the literature, as shown by Rand and Pierce’s (8) compilation. 
These authors employ the term mechanical internal transmission as applying 
to “that type of insect transmission” in which the “infective principle 
remains viable after passage through the alimentary tract but undergoes no 
appreciable multiplication or development within the insect body.” In this 
connection it is (8, p. 205) explained that the “organisms that pass through 
the insect s body are in a large number of instances also carried externally. 
. . . ” Also, it is stated (8, p. 207) that “as many as seven species of fungi 
causing diseases in plants have been shown capable of passing through the 
intestinal tract in a viable condition.” Beetles, as well as flies and ants, 
are included among the insect carriers. None of the fungi named are 
Sphaeeloma species nor are any of them related to this myriangioid group. 
Furthermore, among the beetles no Mycetaeid has been reported as a trans¬ 
mitting agent. 

The present account contains more or less limited data relating princi¬ 
pally to the mechanical internal transmission by insects of the Sphaeeloma 
causing scab of Citrus, which fungus species (Sphaeeloma fawcetfii Jenkins 

(4) was classified as of this form genus in 1925 (4). It is thought that this 
data, together with the fact that the fungus concerned is a Sphaeeloma (4), 
may serve further to explain or elucidate unsolved matters relating to the 
dissemination and distribution of this organism (11, p. 12). It is, of 
course, already recognized that this pathogene may be borne by wind (3) and 
by rain (11) or by these two natural agencies in combination (11). Also, 
there is available no little information concerning the environmental condi¬ 
tions under which the fungus may persist (6, 7, 11). Inasmuch as in 
Florida, at least, avocado, Persea spp., and Citrus are grown in the same 
nursery, or grove situations, the Sphaeeloma (10) causing avocado-scab 

(5) would naturally occur in close proximity to the structurally similar 
species affecting Citrus. It would therefore seem probable that, to a greater 
or less extent, the data here presented might also apply to the Sphaeeloma 
pathogenic on avocado, observed under corresponding conditions. 

1 The work reported in this paper was done in cooperation with the Office of Horti¬ 
cultural Crops and Diseases, Bureau of Plant Industry, United States Department of 
Agriculture, and with the Department of Plant Pathology, Florida Agricultural Ex¬ 
periment Station. 
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Fig. X A, insect discovered ‘feeding upon coxtidia and conidiophores of the 
Sphaceloma (X approx. 85), * B, part of a colony of Cladosponum sp. and an entire 
colony of the sphaceloma, in original isolation culture (X 5/6); C, thoracic region of in¬ 
sect showing frnctifcations of the Sphaceloma scattered about the frontal end of the 
stomach (X approx. 306); D, enlargement of a group of scab lesions on lower part of 
F (X ^Crtical iedtlfen through lesion (necrotic) showing the Sphaceloma char¬ 

acteristically fraitilag on the loiter leaf surface and, in the dear spaces in the leaf 
^ruetnre, intertwined hyplfe^ of th^p ftngus (X approx. 160). F, general appearance 
of Sphaeeloma-corered lesMb on lower surface of fresh leaf (X 5/6). B and B illustra¬ 
tions by J. F, Brewer j the others, by Marcel L. F. Foubert. 
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While examining fresh young leaves of the sour orange, Citrus auran- 
tium L., quite by chance a small insect was observed in the act of feeding 
upon the luxuriant growth of the Sphaceloma covering the lesions or galls 
characteristically produced on the lower leaf surface. The leaf was one 
selected at random from a large assortment of about two-weeks-old leaves 
and stems gathered from sour-orange trees in the rutaceous collection at the 
Florida Agricultural Experiment Station at Gainesville. A sample of 
leaves from this gathering, similar to the one on which the insect was found, 
is shown in figure 1, D-F. 

The examination, referred to above, was being made in connection with 
an investigation of the natural development of the Sphaceloma on fresh 
young growth of Citrus. This study was based not only on the rutaceous 
collection at Gainesville, but also on the one at the United States Depart¬ 
ment of Agriculture Citrus Diseases Field Laboratory at Orlando. The 
work was begun early in September and for the first three weeks was done 
in the field; subsequently, that is, until the end of November, it was done 
at Washington, D. C., where, through the kindness of Professors G. E. 
Weber and H. E. Stevens, and Mr. J. F. Wootten, fresh specimens of vari¬ 
ous Citrus varieties were received at desired intervals. 

Only about 0.7 mm. in length, light colored and somewhat transparent 
in the stage observed, the insect might easily have been overlooked but for 
the fact that the lesions were being examined either with a hand lens or 
binocular microscope. From the position it assumed on the galls and the 
movements of its head, there seemed no question that it was feeding on the 
mass of dark, fuscus-color 2 conidia and conidiophores of the Sphaceloma. 
After busily pasturing on a given lesion for a short time, although an 
abundance of food still remained, it would turn quickly about, hasten to 
another lesion, climb up the raised margin and upon reaching the dark 
fungus-covered area, immediately engage in its feeding as before. This 
procedure had evidently been in progress for some time when the insect was 
first observed, for even then, because of the transparency of its rather 
flexible body, the stomach was visible as a nearly black, solid-appearing 
structure which, later examination showed, was completely filled with 
conidial fruiting structures of the Sphaceloma similar to those illustrated 
in figure 1, E. 

A few moments after its feeding was thus observed, the insect was re¬ 
moved from the leaf, killed in alcohol, and mounted in glycerine jelly on a 
glass slide. Microscopic examination of the contents of the stomach was 
facilitated because during the process of killing and mounting, the organ 
became so ruptured and displaced that most of it protruded from the soft 

* Color reading baaed on Ridgway (9), made by J. Marion Shull. 
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flexible body of the insect at a point just above the head (Pig. 1, A). Only 
the frontal end remained in place (Fig. 1, A, a; also see Pig. 1, C). The 
stomach was now seen to be closely packed with many hundreds of char¬ 
acteristically colored conidia and conidiophores of the Sphaceloma such as 
those illustrated in figure 1, £. It could not be determined that alimenta¬ 
tion to this point had in any way changed the appearance of the fungus. 
In fact, where the conidiophores were thinly scattered, as they were about 
the frontal end of the stomach incident to the rupture of the canal, it was 
observed that they were still almost intact, some of them with the conidia 
apparently still attached (Pig. 1, C). Voided pellets containing this 
growth, and at the same time definitely known to be those of this insect, 
were not available, therefore, the viability of the Sphaceloma after alimen¬ 
tation by the insect could not be determined. 

Mounted as described, the insect was identified by Dr. Adam Boving, 
Bureau of Entomology, United States Department of Agriculture, as the 
larval stage of one of the Mycetaeids, a little-known group of Coleopterous 
insects. The mounted specimen has been deposited in the insect collection 
at the U. S. National Museum. 

All of the other sour-orange leaves and stems constituting the specimen 
on which the insect was found, as well as the specimens of sour-orange and 
other Citrus varieties subsequently received, were carefully inspected, either 
by the writer or by Dr. Boving, but no more Mycetaeids or indications of 
their having been present were seen, although other small insects, such as 
Coccids and gall mites, or their remains, were observed. These insects or 
remains of insects were sometimes found in close association with the 
lesions. A small fly also was present, moving about on most of the speci¬ 
mens when the packages containing them were opened. Also, while in 
Florida, the writer noted that medium-size ants were often traveling about 
over those Citrus plants under examination. No attempt has been made 
to determine whether any of these insects are concerned in the transporta¬ 
tion of the fungus. Available information dealing with ants and flies (1), 
or with ants alone (8), as carriers of other organisms pathogenic on plants, 
suggests, however, that these insects, and perhaps others as well as the 
Mycetaeid, may be concerned in the dissemination of the Citrus Sphaceloma. 

It is, of course, possible that, various insects are attracted to this fungus 
or to related fungi as food an account of the mucilaginous character of the 
walls and the presence Of an occasion*! Jree, glistening, viscid substance 8 
derived from th^m in which conidia may be embedded. 

’Jfatfos, A. EL, glistening substance covering growth of Sphaceloma fawcettii 
Jenkins^ Sphaceloma a mpmmv m de By., and Plectodiscella veneta (Race.) Burk.) In 
^faweett, H. 8* and H. A. Lee, Ofcnttf diseases and their control, p. 490. 1926. 
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At any rate, observations made in connection with numerous examina¬ 
tions of scab lesions on young Citrus suffice to indicate that insects of one 
kind or another feed more or less commonly on the Sphaceloma normally 
present on such lesions. For instance, here and there, fully developed 
lesions were noticed from which some or all of the exposed growth of the 
fungus and even the underlying stromatic layer, as well as dead host tissue 
intermixed with hyphae, situated immediately beneath this layer, had pre¬ 
maturely disappeared as though cropped or gnawed by insects. On or 
about these lesions were insect feces containing free Sphaceloma conidia, as 
well as conidiophores and fragments of stroma presumed to be also of this 



Fig. 2. Confluent lesions on leaf showing patch from which the fungus growth has 
evidently been eaten by insects (X 6). Photograph by J. F. Brewer. 
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fungus. In some cases, entire conidiophore tufts like those shown in figure 
1, E, were seen, some of them still attached to the stromatic base pn which 
they were borne. In addition, conidia and hyphae or conidiophores thought 
to be those of Cladosporium sp. were present in the feces examined, such 
hyphae or conidiophores often protruding beyond the rounded surfaces of 
these feces. The confluent lesion illustrated in figure 2 shows the appear¬ 
ance of Citrus-scab lesions on which insects have evidently fed. On the 
lower part of the patch labeled a, represented as small black dots, are feces 
of insects as present on this particular leaf of the sour orange received from 
Orlando late in November. 

Isolations were made from two individual pellets taken from the patch 
illustrated in figure 2, a, and from each pellet the Sphaceloma was obtained 
in pure culture. The method of isolation was as follows: Under as nearly 
aseptic conditions as possible, each pellet was several time's washed in an 
abundance of water, then macerated in a drop of water on a glass slide and 
examined with the compound microscope to make certain that Sphaceloma 
conidia were present. Prom this maceration, dilution plate cultures on 
potato-dextrose agar were made. In due time from the two sets of cultures, 
one from each pellet, there developed characteristic colonies of the slow 
growing Sphaceloma, as well as of the faster growing Cladosporium sp. 
There was little admixture of other fungi or bacteria (Pig. 1, B). The 
Sphaceloma isolated in this manner from feces of insects was culturally so 
similar to other strains of 8. fawcettii isolated direct from lesions as to 
leave no question of its identity with this species. 

Thus, conidial fructifications of Sphaceloma fawcettii on a fresh young 
leaf of Citrus were fed upon by a small larva classified as one of the 
Mycetaeids, a little-known group of beetles. Lesions of Citrus scab also 
were found from which some or all of the Sphaceloma growth had been 
eaten away by insects of one kind or another. And, from feces of insects of 
unknown identity present on such lesions, the Sphaceloma and Clados¬ 
porium sp. were isolated and grown in artificial pure culture. It must be 
admitted that the data here presented have not definitely proved that the 
particular Mycetaeid and perhaps some of the other insects here specifically 
named are carriers of the Citrus Sphaceloma. The assertion can be made, 
however, that some insect feeding on Sphaceloma fawcettii, the cause of 
Citrus fccffe) is evidently capable of acting as a transporting agent for this 
pathogenic fungus by passing it in- a viable condition through the intestinal 
tract. 
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A PROBABLE EXPLANATION OF RECENT EPIDEMICS OF BUNT 

IN DURUM WHEATS 1 

C. S. Holton 2 

Extensive studies on varietal resistance of wheats to Tilletia tritici 
(Bjerk.) Wint. and T. levin Kuhn have indicated that there are wide dif¬ 
ferences in susceptibility. Gaines (1) and Stakman, Lambert, and Flor 
(6) called attention to the fact that, while there are great differences in the 
relative susceptibility of varieties within the common wheat group and some 
differences within the durum group, the durums as a class appeared to be 
more resistant than the common-wheat group in the United States. 

For many years the durums seemed to be far more resistant than the 
common wheats in the hard red spring-wheat region of the United States, 
although Marquis, the most commonly grown hard red spring wheat, is 
highly resistant. Beginning about 1925, however, numerous complaints 
were made that the durums were smutting rather generally. As a matter 
of actual fact, bunt in durum became rather acute. It seemed to be causing 
greater damage in durums than in common wheats. After the outbreak of 
bunt in 1925, Rodenhiser and Stakman (5) suggested that it might have 
been due to unusually favorable soil and weather conditions for the develop¬ 
ment of bunt or to the presence of a form of the pathogene that was unusu¬ 
ally virulent on the durums. Rodenhiser and Stakman (4, 5), Gaines (1), 
and Reed (2) had shown that there are physiologic forms, both of T. tritici 
and T. levin , v.hich could be recognized by their virulence on certain varie¬ 
ties of wheat, although they found none that was especially virulent on 
durums. Reichert (3) called attention to the fact that in Palestine the 
durums actually seemed to be more susceptible to the form of bunt present 
there than the common wheats, which would indicate the existence of forms 
that attack durums severely. It seemed quite likely, in view of the increas¬ 
ing severity of bunt on durum varieties in the United States and in view of 
Reichert’s observations in Palestine, that the true explanation of the out¬ 
break of bunt in the spring-wheat region of the United States might be due 
to the presence of unusually virulent strains of the pathogene. Therefore 
experiments were made to determine whether this was true. 

* Published with the approval of the Director of the Minnesota Agricultural Ex¬ 
periment Station as paper No. 898 of the Journal Series of the Minnesota Agricultural 
Experiment Station. 

2 The writer is indebted to Dr. E. C. Stakman for suggestions and criticisms and to 
Dr. J. J. Christensen and Dr. H. A. Rodenhiser for suggestions offered during the course 
of the investigations. 
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It is doubtful whether the term physiologic form can be applied properly 
to chlamydospore collections of bunt. There seems to be evidence that many 
of the smuts are heterothallic; therefore, chlamydospores would represent 
the diploid phase, which cannot be propagated independently. When the 
spores germinate there presumably are reduction division and segregation 
of sporidia into two or more sexual groups. Hybridization would again 
occur before chlamydospores could be produced on the plants. If this be 
true, perhaps only monosporidial lines would be designated properly as 
physiologic forms, and the chlamydospores would be hybrids between forms. 
On the other hand, Tilletia may possibly be homothallic or, if heterothallic, 
monosporidial lines may be similar except in sex. If this be true, the ob¬ 
jection would not hold. For practical purposes it seems justifiable to con¬ 
sider as physiologic forms such collections of bunt as were used in this 
paper; but, from the scientific viewpoint, there is some question as to 
whether thej r may properly be so designated. In any case there are decided 
differences in the virulence of different chlamydospore collections, and this 
fact has been demonstrated to have considerable significance both in the 
epidemiology of bunt and in the development of resistant varieties. It may 
be useful, therefore, to designate the different collections showing different 
degrees of virulence as physiologic forms, and they are so designated in 
this paper. 

MATERIALS AND METHODS 

Eight varieties of common and durum wheats and of emmer were in¬ 
oculated with the spores of five collections of Tilletia tritici, as shown in 
table 1. The seed was treated with formaldehyde, washed in water, and, 
when dry, inoculated at the rate of 0.5 gram of spores to 100 grams of seed. 
After inoculation the seed was sown in triplicate, systematically distributed, 
eight-foot rows in the field. 

The percentages of infection (Table 1) are based on counts of 900 heads 
in all varieties except Mindum. In this case the percentages are based on 
the total number of heads, ranging from 613 to 704, in three eight-foot rows. 
Except for Kota, Preston, and Marquis, in which smutted heads were easily 
detected by external examination, smutted heads were determined by clip¬ 
ping each head three times. All heads containing smut were recorded as 
smutted regardless of whether they were partially or completely so. 

BESUlW 

The .results ire summarized in table 1. The Washington, California, 
and Manitoba collections did not show sufficient differences in virulence on 
.the eight varieties used Vo warrAst separating them into distinct physiologic 
forms. For the presort they<aipconsidered identical, although they may 
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A/a Dakota 
At/nnesota 

Ca//tbm/a 
A/o. Dakota 
At/nnesota 

Cat/forn/a 
M* Dakota 
At/nnesota 

o /O 20 30 40 SO 60 

Der cent 

Fio. 1. The percentages of infection in Vernal, Mindum, and Kota inoculated with the 
spores of three collections of TtUetia tritici in 1929. 

dum and Pentad. This form apparently was either not present or preva¬ 
lent prior to about 1925. Whether it was introduced from some other region 
or resulted from hybridization or mutation cannot, of course, be stated. 

The Litchfield, Minnesota, collection obviously represents still another 
physiologic form, readily distinguishable by its reaction on Kota and Vernal. 
Kota, extremely susceptible to the other four collections, is moderately re¬ 
sistant to the Litchfield form; while Vernal (emmer), resistant to all other 
collections of smut used in these tests, is quite susceptible to the Litchfield 
form. Consequently, Vernal can no longer be considered resistant to bunt. 

The phenomenon of physiologic specialization in T. tritici is important 
from a practical as well as a purely scientific standpoint. One can never 
be certain that resistant varieties of wheat, developed for certain localities, 
will remain resistant indefinitely, since new physiologic forms may appear 
at any time and render hitherto resistan| varieties completely susceptible. 

SUMMARY 

1. ,Tiie virulence of five collections of T. tritici was compared on eight 
'Varieties of Xriticu*: 'common Vfhaat, durum, and emmer. 


Verna/ 
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2. Three distinct physiologic forms were distinguished on the basis of 
pathogenicity. The Washington, California, and Manitoba collections rep¬ 
resent one form which is distinguished by its high virulence on Kota and 
low virulence on the other seven varieties. The collection from Devils Lake, 
North Dakota, represents a form characterized by its marked virulence for 
durum wheats, and the Litchfield, Minnesota, collection represents a third 
form, distinguished by its high virulence on Vernal. 

University Farm, 

St. Paul, Minnesota. 
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THE RELATIVE TRANSPIRATION RATE AT INFECTION 
SPOTS ON LEAVES 

R. B. Harvey 


It has been reported by the writer 1 that the accumulation of nontoxic 
dyes can be used to indicate differences in the rate of transpiration from 
leaf surfaces. The feasibility of this method was checked by methods 
which, normally, should produce a high rate of transpiration in certain 
spots on the leaf, such as by blowing onto it a current of air from a fine 
nozzle and by focusing the light from a Mazda lamp on the leaf by means 
of a lens. 

In spots over the leaf blade where, by other methods, it seems demon¬ 
strated that the transpiration rate is higher than elsewdiere, there is an 
accumulation of Light Green S.F. and other nontoxic dyes which penetrate 
easily into the vascular system of the leaf. Using this dye-accumulation 
method it was attempted to demonstrate local differences in transpiration 
rate over the leaf blade and on stems in certain cases of spot infections by 
fungi. 



Fig. 1, A. A leaf of celery with Septoria infection spots and dye accumulation 
around them. Photograph through color screen to show dye in black. B. A normal 
celery leaf showing uniform distribution of dye. The black areas are caused by double 
thickness of the leaf. 

1 Proceedings of the American Society of Plant Physiologists, December, 1929. 
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Local infections by Septoria on celery leaves (Fig. 1, A) show dry, 
brown, corky areas of cells, killed by the fungus. When the petioles of 
infected leaves are placed in 0.1 per cent aqueous solution of Light Green 
S.F., or certain other nontoxic dyes, there is an accumulation around the 
infection spots. The brown, corky spots do not accumulate dye in a 
zone so much as a millimeter or so wide in the surrounding live cells. Evi¬ 
dently, the dead cells do not evaporate the aqueous dye solution so rapidly 
as do the areas into which the fungus is spreading. A leaf with no in¬ 
fection spots (Fig. 1, B) shows a uniform coloration of the dye. 

Leaves of Hubbard squash, infected with spots of mildew (Erysiphe 
sp.) (Fig. 2), on both upper and lower surfaces, were tested in a similar 



Fig. 2, A. A leaf of Hubbard squash showing areas of mildew on the lower surface. 

B. The same leaf photographer through a screen to show the accumulation 
of dye in the mildewed areas. 

manner. There was no apparent correlation between the infection spots 
on the upper surface and the dye accumulation, but the spots of mildew 
on the lower surface were sharply outlined by deep-colored areas within 
the leaf. In this case it was evidently the presence of the fungus on the 
lower surfade that increased, the transpiration rate. 

In the case of rust pustules of Pucmnia $raminis on wheat (Fig. 3, A), 
there is an Accumulation of dye around the pustules. The color is espe¬ 
cially deep in these areis where the epidermis is broken. 

In fifquash heaves pufetitured by Aphis, the accumulation of dye was 
sharply limited 4 to the affected area (Fig. 3, B), indicating that a high 
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Fig. 3, A. Accumulation of dye around pustules of Puccwia gramims on vheat. B. A 
squash leaf showing insect punctures outlined by areas of 
dye accumulation. 


transpiration rate occurred in those areas. When the leaf was ashed in 
the muffle furnace, there was left a perfect skeleton of the leaf structure, 
showing the cell walls In the areas in which dye accumulation had oc¬ 
curred, there was much more abundant residue of a light grey ash than 
elsewhere over the leaf. This was found to be the case whether the leaves 
were placed in dye solution or not. Evidently the rapid transpiration at 
the injured spot is associated with an accumulation oLash constituents in 
the tissue. 

SUMMARY 

It is considered that the accumulation of such nontoxic dyes as Light 
Green S.F. can be used in demonstrating the effect of certain local infec- 







362 


Phytopathology 


[Vol. 20 


tions by fungi on transpiration from the leaf. Insect punctures were 
found to cause local accumulations of dyes and also of ash constituents 
in the immediately adjacent tissue. 

Section op Plant Physiology, 

Division op Plant Pathology and Botany, 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 



PHYTOPATHOLOGICAL NOTES 


The control of carnation rust, TJromyces caryophillinus (Schr.) Wint., 
with sulphur .—In the light of results obtained by several investigators, 
Kolodust, a product of the Niagara Sprayer Company, was accepted as a 
suitable form of sulphur. The carnation varieties used in the dusting ex¬ 
periments were Arctic and Radiolite. The work was carried out in a green¬ 
house, maintained approximately under commercial conditions. The 
plants were grown on standard greenhouse benches. Fertilizer was ap¬ 
plied in the dry state and the water supplied so that the foliage never be¬ 
came wet or spattered. The plots were separated by double thicknesses 
of fine cotton cloth supported by rigid wooden frames. The dust was ap¬ 
plied with a hand duster in quantity measured only in terms of a uniform 
coverage per application. The applications of sulphur were made at in¬ 
tervals of one, two, or three weeks. In addition, all infected leaves were 
hand-picked in one plot that was dusted weekly. The experimental period 
extended from November 27 to April 15. Thermograph records were kept 
from December 4 to the close of the period. In general, there were rela¬ 
tively few days when the temperature did not reach 70° F. for at least two 
hours of the 24-hour interval. In order to obtain a measure of rust infec¬ 
tion and its spread, all plants were examined for leaf infections at the 
beginning and close of the experiment. The records were kept in terms of 
infected leaves per plot. Yield was recorded in numbers of cut flowers 
per plot. 

The results indicate that carnation rust can be controlled by the use 
of Kolodust. An interval of two weeks per application is apparently as 
effective as one week. This accords with inoculation experiments, in which 
nine varieties were artificially inoculated. Rust pustules appeared in from 
17 to 19 days. Data based on a limited number of controlled inoculations 
in nine varieties indicate a wide range in the rust resistance of carnation 
varieties. Dusting at three-week intervals gave no control. The weekly 
application, accompanied by the removal of infected leaves, proved inade¬ 
quate. It is thought that hand-picking may have increased the number 
of infections through spore dissemination. Accepting the flower yield of 
the control plot as 100 per cent, the plot receiving^dust at two-week inter¬ 
vals yielded 258 per cent. Some care was exercised to avoid dusting the 
petals of partially opened buds. In no case was there any noticeable direct 
injury to the flowers. Red spiders, Tetranychus telarius L. were not found 
on sulphur-dusted plants though they were abundant elsewhere in the 
greenhouse. This confirms the experience of entomologists. Near the end 
of the experimental period the treated plants showed signs of injury and 
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many individuals had died by May 15. The source of injury was found 
to be at the roots. Hydrogen-ion determination gave pH readings of 5.5 
for the nontreated soil and 2.4, 2.9, and 3.2 for the soil receiving Kolodust 
at one-, two-, and three-week intervals, respectively. The rate of mortality 
per plot was in accord with the frequency of dust application. Since it is 
known that carnations are favored by applications of lime, it is believed 
that proper applications of agricultural lime would correct the acidity and 
thus protect the plants.—F. H. Steinmetz, College of Agriculture, Orono, 
Maine. 

The occurrence of the ring-spot disease of sugar cane in Florida .—On 
August 28, 1929, while the writer was making a disease survey of a small 
sugar-cane plot near Indiantown, Fla., typical cases of the ring-spot dis¬ 
ease were observed on leaves of the variety D. 109. A microscopic examina¬ 
tion of numerous peritkecia, asci, and spores showed agreement in spore 
dimensions with published descriptions of the fungus Leptosphaeria 
sacchari van Breda de Haan. Comparison also was made with authentic 
herbarium material of this disease collected in April, 1923, by the writer, 
in Porto Rico. By these means, the identity of the disease was established 
beyond doubt. 

Concerning the distribution of ring spot, Bell 1 has recently summa¬ 
rized the available information. He shows the disease present in Hawaii, 
Fiji, Australia, Philippines, Java, India, Mauritius, South Africa, Cuba, 
Porto Rico, British West Indies, Brazil, Argentina, and Peru. 

So far, the disease has been found only near Indiantown, at Canal 
Point, and Belle Glade, Florida. The varieties D. 109, D. 117, Co. 281, 
C. P. H. 139, Crystalina, and several seedlings, bred at the U. S. Experi¬ 
ment Station at Canal Point, have been found heavily infected, although 
only the lower leaves were involved and the loss at present is regarded as 
negligible. The disease has not been found in the laggte commercial sugar¬ 
cane plantings at South Bay, Clewiston, Liberty Jpint, and Benbow, 
around the south end of Bake Okeechobee. Appardp^, only the regions 
most severely swept by the central vortex of the hutfHcane of September, 
1928, are infested. This would seem to support the theory that living 
spores were carried by the hurricane from Porto %ico, where the disease 
is widely distributed. 4 

Prevalence of -the disease on the lower Jegves of some of the noncom¬ 
mercial seedlings at the Florida Agricultural' Experiment Station at Belle 
Glade makqs it evident that future attention will have to be directed toward 

i BeU, Arthur JF. A key for the 'field identification of sugar cane diseases. 
Queensland, Bur. Sugar Exp. Stas., Dir. Path, Bui. 2. 1929. 
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breeding for resistance to this disease. Abbott 2 has recently recorded that 
two cases of severe leaf injury were reported in Peru in 1927. The plants 
were said to be nearly mature, however, so that only slight loss took place. 
Bell 1 , on the other hand, has already pointed out the potential importance 
of the disease and cites as an example the present great economic impor¬ 
tance of eye spot both in Hawaii and Porto Rico, due to the commercial 
use of certain very susceptible varieties.—B. A. Bourne, Pathologist, Be - 
search Department , The Southern Sugar Company, Clewiston, Florida, 

2 Abbott, E. V. Diseases of economic plants in Peru. Phytopath. 19: 645-656. 
1929. 
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DEVELOPMENT OF SEED TREATMENTS FOR THE 
CONTROL OF BARLEY STRIPE 1 

C. S. Riddt and L. C. B c knett 

INTRODUCTION 

The production of barley in Iowa in 1928 (27,000,000 bus.) was nearly 
double that of any previous year in spite of a 12 per cent loss due to barley 
scab and stripe. These diseases constitute serious limiting factors to suc¬ 
cessful barley production in the State. On the successful solving of this 
problem may depend the choice of varieties, the time of sowing, nature 
of fertilizer used, and the crop rotation to be followed in order to secure 
the most satisfactory crop returns. 

The control of barley stripe (Helminthosporium gramineum Kabh.) 
may be attempted along several lines such as: (1) The selection of resistant 
varieties or the development of resistant strains from some commercial 
variety, (2) late planting in warm soils, (3) obtaining seed from regions 
that are known to be free from the disease, and (4) treatment of home¬ 
grown seed with some disinfectant that will control the patliogene. The 
first method necessitates a long-time investigation unless some variety al¬ 
ready established is found to be resistant. The second is inadvisable for 
the agronomic reasons that yields are decreased and scab and rust favored 
by late planting. The third method involves inspection of seed in large 
amounts, which is a laborious and costly practice. In the fourth method, 
seed treatment permits the utilization of our own seed stocks, and is a de¬ 
sirable immediate control measure, providing we have at hand a satisfactory 
fungicide. 

In considering seed treatment as a control measure for barley stripe, 
these points in the development of the disease stand out: (1) a diseased 
seed looks healthy, but (2) it develops into a diseased plant which rarely 
produces seed; (3) spores from the diseased plant go to healthy barley 
heads with newly forming kernels; and (4) the fungus lives over winter in 
the apparently normal seed from these heads. 

Barley stripe is a disease particularly adapted to control by seed treat¬ 
ment. This is true because no plants are injured in yielding capacity ex- 

i Published with the approval of the Director of the Iowa Agricultural Experiment 
Station, Ames, Iowa. 
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cept those grown from infected seed. Diseased plants from infected seed 
are almost a total loss, seldom producing seed. Therefore, if the primary 
and ultimately systemic infection in the seed could be inhibited or the 
mycelium actually killed, serious losses to the ensuing barley crop by stripe 
would be prevented. 

Seed treatment also controls covered smut of barley but for the most 
part affects only indirectly such diseases as scab and rust. A good seed 
treatment should not injure the seed and should be inexpensive in cost of 
material and of labor involved in making the treatment. Of the liquid 
treatments, formaldehyde has shown promise, but soaking the seed is ob¬ 
jectionable. Some progress has been made in developing dry treatments 
for these diseases. Rodenhiser (6) found certain dusts that were effective 
but was unable to obtain yield data. Leukel, Dickson, and Johnson (2, 
3, and 4) recently have reviewed the literature dealing with the control of 
barley stripe and have mentioned the effect of dust seed treatments on 
yields. 

This paper presents the results of studies wherein attempts have been 
made to devise a dust fungicide that would effectively control barley stripe 
and covered smut. The purpose of this paper is to show the possibility 
of developing good dust fungicides for the control of these diseases and to 
show why adequate yield data are necessary before general recommenda¬ 
tions should be made for barley seed treatment. 

LOSSES IN IOWA FROM STRIPE AND OTHER DISEASES OF BARLEY 

Estimates of losses from barley stripe and other diseases in Iowa, re¬ 
corded each year since 1906, are on file in the Plant Pathology Section, 
Iowa Agricultural Experiment Station. On the basis of averages compiled 
from these data, it would appear that five important diseases occur on 
barley in Iowa, namely, stem rust, stripe, loose smut, scab, and covered 
smut. 

Losses reported for stem rust, Puccinia graminis Pers., on barley aver¬ 
aged 3.5 per cent, but the average loss for the past five years (1924-1928) 
was only 1.0 per cent. The decrease may indicate that barberry eradica¬ 
tion as a control measure has reached a stage where it has an effect on the 
prevalence of this disease. There were exceptional occurrences of this dis¬ 
ease in 1607 and 1920, when the barley crop was injured to the extent of 
20.0 and 17,0 per cent, respectively. | 

Following stem rust, the next highest average loss, 2.7 per cent, was 
from stripe caused by Belminthosporium gramineum . This disease is not 
declassing., The aWsqge loss for the past five years (1924-1928) was 3.3 
per cent Survey notes by I, £L Ifalhus, in 1921, state that losses caused 
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by stripe have been much underestimated. Data on the occurrence of 
stripe in our 1927 and 1929 barley-variety plots are presented in table 1. 
These percentages are based on actual counts. 


TABLE 1.— Occurrence of stripe plants in barley varieties grown at Mason City, Iowa, 

19£7, and Ames, Iowa, 19S9 


Varieties 

Per cent stripe 
plants 

Varieties 

Per cent stripe 
plants 

1 1927 

1929 

' 1827 | 

1929 

Horn 

0 

0.25 

Manchuria (Minn. 184) 

1 1.3 ' 

2.38 

Featherston 

tr. 

2.5 

1 Velvet (Minn. 477) 

1.3 

0.94 

Bonami 

tr. 

1.56 

Alpha 

2.0 

3.19 

Sandrel 

tr. 

0.56 

Colsess 

2.0 

1.81 

Trebi (C. I. 936) 

tr. 

0.06 

Caucasian 

10.0 


Oderbrucker (Wis. 5-1) 

tr. 

8.00 

Manchuria (Iowa) 

16.0 


Ontario No. 21 

0.6 

1.25 

Minsturdi (Minn. 439) 

27.0 

7.69 

Hero 

0.6 

0.31 

Minsturdi 

46.0 

10.88 

Black Hulless 

0.6 

0.06 

Glabron 


1.38 

Trebi (Colo.) 

0.6 


Wisconsin Barbless 


0.94 




Nepal 


0 


I. E. Melhus has collected data on the occurrence of barley stripe at 
Ames, Iowa, during the five-year period 1917 to 1921. With his permis¬ 
sion a summary of these data is presented in table 2. 

TABLE 2.— Occurrence of stnpe tn three classes of stx row barleys grown near Ames, 

Iowa, 1917-19*1 


Per cent stripe plants 

Classification_Average 



, 1917 

.| _... 

1918 

1919 

1920 

| 

1921 


Caucasian 

10.6 

i 

6.4 

2.7 

9.0 

11.9 

8.1 

Oderbrucker 

5.2 

3.9 

1.0 

4.6 

10.3 

5.2 

Manchuria 

4.7 

3.4 

0.3 

3.9 

l 

5.7 

3.6 


In table 2 the percentage of stripe plants in each case is the average 
occurrence in several selections from that variety. The data in this table 
indicate that more stripe normally occurs in Caucasian than in Oderbrucker 
and less in Manchurian. 

Loose smut, Ustilago nuda (Jens.) Kell. & Sw., causes an annual loss 
in Iowa of 1.6 per cent, but the average loss for 1924-1928 was only 0.7 per 
cent. The average loss each year from this disease is never high, but the 
consistency of its occurrence makes it an important disease of barley. 







TABL^ 3l-~-tf%mbcr of heads affected with loose smut in four rod-rows of each of eighteen varieties of barley and the approximate per¬ 
centage of loose smut by varieties and by seed treatments, Ames, Iowa, 1929 
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The occurrence of loose smut was recorded in a barley-variety and seed- 
treatment experiment conducted at Ames in 1929. The percentages of 
smut are approximate because the rod rows were estimated to have 800 
culms each. The smutted heads were counted in 836 rod rows and data are 
presented in table 3. 

The data in table 3 show that 5.6 and 8.4 per cent of loose smut oc¬ 
curred in Glabron and Colsess, respectively, and less than 1 per cent in 
any of the other varieties. All the seed used in this experiment was ob¬ 
tained from one field the preceding year; therefore, these data may indicate 
the relative susceptibility of the varieties to loose smut. Seed treatment 
seems to have had some effect in the control of loose smut in the first eight 
varieties in table 3 and little, if any, effect on the other varieties. A sum¬ 
mary of the smut counts in these eight varieties shows there were 58 smutted 
heads in the means of the checks and 11 on plants from seed treated with 
PalO. 

According to the Plant Disease Reporter 1927 (United States Depart¬ 
ment of Agriculture) scab of barley, caused by Gibberella saubinetti 
(Mont.) Sacc., is not considered an important disease outside of Iowa. In 
this State, however, there has been an estimated annual loss of 1.4 per cent. 
The average loss for the past five years (1924-1928) is 2.2 per cent. The 
occurrence is somewhat sporadic; serious damage occurred in 1919 (5.0 per 
cent loss) and 1928 (8.0 per cent loss). Recently scab has been charged 
with making barley unfit as a food for swine. 

Covered smut (Vstilago hordei (Pers.) Kell. & Sw.) has caused an an¬ 
nual loss of 1.0 per cent in Iowa. The average loss for the past five years 
(1924-1928) vas 1.3 per cent. In the United States as a whole, this disease 
is considered the most important of those occurring on barley. In Iowa, 
however, it would rank, at most, third and possibly fifth. 

Barley diseases of minor importance occurring in Iowa are: Leaf rtlst, 
spot blotch, net blotch, ergot, anthracnose, powdery mildew, and bacterial 
blight. These probably cause a combined annual loss of about 2.0 per cent. 
In certain years or on certain varieties some of these diseases are important. 

Spot blotch, caused by Helminthosporium sativum Pam. King & Bakke, 
is recorded (1909) as having caused 50.0 per cent loss in the two-rowed 
variety, Chevalier. Also there were severe infections in 1915 and 1917, 
injuring 10.0 per cent and 4.0 per cent, respectively. 

Several times in the past 20 years net blotch, caused by Pyrenopkora 
teres (Died.) Drechs., has injured the crop 5.0 per cent. 

Severe infections of bacterial blight, caused by Pseudomonas translucens 
Jones, Johnson, and Reddy, have been observed in 1927 and 1928 on only 
one variety, Colsess. In 1929, Hero also was severely attacked. 
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Data are presented in table 4 on the occurrence of a number of diseases 
in varieties of barley grown at Ames and Mason City, Iowa, in 1929. The 
absence .of a disease is designated by 0 in the table and the severity by 

TABLE 4 .—Occurrence of a number of diseases in barley varieties grown at Ames and 
Mason City , Iowa, in 1929 (0 = absence; 1- present but injury not 
apparent; 2-present and caused considerable injury) 


Variety 

Spot 

blotch 

Net 

blotch 

j Scab 

i 

I i 

Stem 

rust 

Leaf 

rust 

Bac¬ 

terial 

blight 

Ligule 

blight 

unknown 

a 

Powdery 

mildew 

Velvet . 

0 

1 

0 

2 

0 

0 

0 

0 

Glabron . 

1 1 

1 

0 

2 

0 

0 

1 

1 

Wis. Barbless . 

j 0 

1 

i : 

1 

0 

0 

; i 

0 

Spartan . 

1 2 1 

0 

0 

1 

0 

0 

1 1 

0 

Bonami . 

0 

1 

0 

1 

0 

0 

: o 1 

0 

Manchuria . 

0 

1 

1 

1 

0 , 

0 

0 1 

0 

Wis. 5-1 . | 

0 1 

1 

1 

2 

1 

0 

0 

1 

Featherston . 

0 ! 

1 

1 

1 

o I 

0 

1 1 

0 

OAC 21 . 1 

0 j 

1 

1 

1 

0 

0 

1 ! 

0 

Minsturdi . 1 

0 

0 

1 

1 

1 

1 

0 { 

0 

Trebi . 

1 

2 

2 

1 

i ; 

1 

2 1 

0 

Sandrel . 

2 

2 

2 

1 

o 

l 

2 1 

n 

Hero . 

2 

1 

0 

1 

0 

2 

2 i 

V 

0 

Horn . 

2 

1 

0 

1 

0 

0 

1 

0 

Alpha . 

1 | 

1 1 

0 

1 

0 1 

0 I 

0 

0 

Colsess . 

1 i 

1 | 

1 1 

2 

o 1 

2 

1 

2 

Black Hulless . 

1 1 

1 ! 

0 

1 

0 i 

0 

0 1 

0 

Nepal . 

1 

1 

2 

1 

0 

0 

0 i 

0 

Minsturdi (Old)... 

0 1 

^ 1 

i : 

1 

1 ! 

1 

° ! 

0 


•Not scald, Bhynchosporium secaXis (Oud.) Davis. 


figures 1 to 3. 1 means that the disease was present but injury not noticed; 
2, that real injury was caused; and 3, that the economic value of the crop 
was almost completely destroyed. 

TABLE 5 .—Estimated percentage losses from barley diseases in Iowa 


Percentage loss 


J/lBQOOjD | 

19*6-192$ 

1924-1928 

A 

1928 

1029 

Stem rust .*.^. | 

3.5 

i! 

0.5 

0.5 

Stripe ..... j 

2.7 

3.3 

4.0 

5.0 

Loose smut.... < 

1.6 

0.7 | 

tr. 

1.5 

Scab - . *- 

; i.4 

2.2 | 

8.0 

tr. 

(fevered Vmut . j 

« 10 

1.3 | 

1.0 

tr. 
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Table 4 shows that no variety is immune from all the minor diseases. 
Colsess stands out as a susceptible variety, being injured by stem rust, bac¬ 
terial blight, and powdery mildew. Besides these diseases, it had 1.8 per 
cent stripe (table 1) and 8.4 per cent loose smut (table 3) and was the 
only variety in which ergot was common. 

A summary of the losses is presented in table 5. 

methods and materials 

Preliminary field experiments on the control of barley stripe by seed 
treatments with dust fungicides were conducted at Ames, Iowa, in 1927. 
A large number of dusts were prepared and tested by planting the treated 
and untreated barley seed in rod rows. Data on the occurrence of stripe 
in these rows were obtained. 

Fifteen of the 96 treatments tried in 1927 resulted in rod rows having 
no stripe plants and no plants infected with loose and covered smut. Each 
of the seventeen check rows had some plants affected with stripe and loose 
smut. The results of the experiment served to indicate chemical combina¬ 
tions which had disinfecting properties but apparently did not injure the 
seed. One combination, consisting of mercury chloride and the addition 
product of furfural and sodium bisulphite, gave especially promising 
results. Subsequent tests in the greenhouse indicated that furfural was 
not necessary in this combination. Fungicidal dusts of this type, with 
the furfural omitted, were made and used in the 1928 and 1929 field 
experiments. 

In 3928 and 1929, the number of disinfectants was decreased and the 
number of field experiments was increased, so that yield data could be 
secured. Seed treatments were made at the rate of three ounces of dust 
fungicide per bushel of seed. 

In one type of experiment, a barley variety and eight dust disinfectants 
were used. Single rod-rows were made the unit, and all treatments were 
replicated ten times in 1928 and 11 times in 1929. Experiments of this 
kind were located at Mason City, Iowa, and at two places near Ames, Iowa, 
i.€. y Agronomy Farm and the Plant Pathology plots. 

In another type of experiment, 20 varieties of barley were treated with 
two of the dust fungicides and planted at Mason City, Iowa, in units of 
four rod-rows instead of one. This type of experiment was modified in 
1929 by changing or omitting a few of the varieties, increasing the number 
of dust fungicides, and including three dates of planting at Ames and two 
dates of planting at Mason City. 

In the first set of experiments, the number of stripe-infected plants was 
recorded, when the grain was in the milk stage. Ail the plants were pulled 
in one complete replication and the diseased plants separated from the 
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healthy ones. A rod-row thresher was used in separating the grain from 
the straw. 

COMPOSITION OF THE DUST FUNGICIDES 

Not all of the dust fungicides gave promising results. Therefore, it is 
necessary only to give the composition of Bar 1, Bar 3, Bar 4, PIC, and 
Bow. 

Bar 1 was made as follows: To 2.7 grams HgCl 2 in solution enough 
NaOH solution was added to change mercury to the yellow oxide. The 
supernatant liquid was decanted and the yellow oxide triturated with 2 
gm. NaHSO s . After adding 22.3 gm. talc, it was mixed thoroughly, air 
dried, and pulverized. 

Bar 2 was made by mixing equal parts of Bar 1 and talc. 

Bar 3 was somewhat similar to Bar 1 except that the ingredients were 
mixed dry. It was expected that certain reactions would take place when 
the treated seed was sown in moist soil. Bar 3 was made as follows: 6 gm. 
NaHCO s , 6 gm. NaHS0 3 , 8 gm. HgCl 2 , and 80 gm. talc were mixed and 
pulverized. 

Bar 4 was made by mixing and pulverizing 3 gm. HgCL>, 10 gm. 
NaHSO a , and 87 gm. of talc. 

PIC was made as follows: 10 gm. HgCl 2 and 5 c.c. cresol were placed in 
a mortar and triturated. Strong NaOH solution was added until the mass 
was yellow and thick. Strong copper-sulphate solution was added in ex¬ 
cess of the reaction. Ninety grams of talc was added and the mixture dried 
and pulverized. 

Bow contained 10 per cent hexamethylenetetramine, 30 per cent 
CuS0 4 . H 2 0, 30 per cent CaC0 3 , and 30 per cent talc. 

EXPERIMENTAL STUDIES 

It has been shown that the four diseases that probably tax the farmer 
most heavily are stripe, smut, scab, and rust. The first two are seed-borne 
diseases and are controlled at least partially and practically by seed treat¬ 
ment. The fact that scab and rust are most in evidence and produce the 
major part of their damage late in the growing season indicates that these 
losses may be much reduced by early maturity of the crop, thereby escaping 
much of the usual damage. However, early sowing, usually accompanied 
by cool soil temperatures, provides exceptionally favorable conditions for 
the seed-borne diseases, especially barley stripe. 

The development of a dust fungicide to control stripe seemed to offer 
the most satisfactory immediate approach to the problem of barley-disease 
control. Field experiments were performed to determine the effect of dust 
Idngicides on sfripe and Yields of barlev. 



barley , variety Minsturdi, 192S 
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Table 6 presents data on the occurrence of stripe plants in the variety 
Minsturdi and on the yields obtained from plots located at thr?e places in 
Iowa in 1928. At each place there were 10 plots for each dust fungicide 
and 20 check plots sown with nontreated seed. One plot or replication was 
destroyed in obtaining the stripe counts, so that only nine replications were 
used in determining the acre yields. 

With the use of seed from the same lot at all three places, about twice 
as many stripe plants occurred in the checks at the Agronomy Farm plots 
as in the checks at the Plant Pathology plots and about twice as manj* at 
the latter place as at the Mason City plots. The dates of planting at these 
three places were March 31, April 19, and April 26, respectively. Soil 
temperatures gradually rose from March 31 to April 26, and the results 
are in agreement with those of Ravn (5) and of Johnson (1) in that cool 
soil temperatures are favorable to the occurrence of barley stripe. 

The date in table 6 also show that the Bar 1 and Bar 3 treatments, on 
the whole, gave the most effective control of stripe and the largest increases 
in acre yields. PIC treatment also increased yields, especially when the 
barley se£d germinated under very cool soil conditions. Yield increases 
from these three best treatments ranged from 5.9 to 15.1 bushels, or 13.8 
per cent to 54.5 per cent. The data show' that stripe seriously affects yields 
and, that, in susceptible varieties planted early, the fungicidal control of 


Per cent stripe 

0 5 10 15 20 25 
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this disease may become one of the important practices in the successful 
culture of barley. 

Figures 1 and 2 present graphically some of the data from the 
Agronomy Farm plots and the Plant Pathology plots shown in table 6. 
These graphs show the negative correlation between percentage of stripe 
plants and percentage increases in yields following seed treatments. 

Percent stripe 

0 10 20 30 40 50 60 

Check 
EE 
EE2 
Pb 8 
Bor 2 
P1C + 

Barl 
Bar 3 
PIC 


60 50 40 30 ?0 10 0 

Percent increase in yield 

Fig. 2. Percentage stripe plants and percentage increases in yield following seed 

treatments of barley, Plant Pathology plots, Ames, To*a, 1928. (See Table 6.) 

Figures 1 and 2 show graphically that with each treatment used, any 
decrease in percentage of striped plants was followed almost invariably by 
a somewhat proportional increase in yield. However, when individual 
treatments are compared, the graphs show that Bar 1 and Bar 3 treatments 
were followed by larger increases than PIC treatments, although PIC treat¬ 
ments controlled stripe as well as or better than Bar 1 and Bar 3. It is 
probable that PIC was more injurious to the barley seed than Bar 1 or 
Bar 3. 

In another experiment in 1928, using stripe-infected barley of the 
variety Minsturdi, 32 dust fungicides were tested in rod rows replicated 
five times. Yield data were obtained for 8 of these dust treatments and 
are shown in table 7. 

In this case the results are the means of only four replications of each 
treatment and, therefore, are not so reliable as those shown in table 6. The 
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TABLE 7 .—Prevalence of barley-stripe-infected plants and the yields of grain from 
treated and nontreated barley seed of the variety Minsturdi 
grown at Ames, Iowa, 1928 


Treatments 

Striped plants 
per rod row 

Acre yields* 
in bu. 

Increase 

* No. 

Per cent 

Treated 

| Checks 

Bu. 

1 Per cent 

15 Check . 

42 

8.4 


1 36.3 


i 

16 Corona dust 1. 

15 

3.0 

45.3 

36.8 1 

8.5 

23.1 

17 “ “ 2. 

8 

1.6 

43.0 

37.3 

5.7 

15.3 

18 16 Furfurin + 20 







CuS0 4 . 

14 * 

2.8 j 

43.2 

37.8 1 

i 5.4 

14.3 

20 Check . 

85 1 

17.0 ] 


38.8 



25 Check . 

102 , 

20.4 


42.1 



26 Bar 4 . 

5 

1.0 1 

49.4 

41.2 

8.2 

19.9 

28 Pbl9 . 

16 

3.2 

40.0 

39.4 

0.6 

1.5 

29 Hydrofuramid 28 

» 

1 





CuS0 4 -H 3 0 17, talc 

I 





55 . 

14 

2.8 

44.4 

38.3 

6.1 

15.9 

30 Check . 

78 1 

1 

15.6 i 


37.5 




* Four replications. 


data are offered to show the results of the Bar 4 treatment, so that it may 
be compared with the Bar 1 and Bar 3 treatments in the Plant Pathology 

TABLE 8 .—Prevalence of barley stripe and yields of grain from treated and nontreated 
seed of the variety Minsturdi, grown at Ames, Iowa, 1929 ■ 



Plants counted 

! 

Stripe 

Increase in healthy 
plants following 
treatment 

Acre Increase 

follow- 

Treatment 

Healthy 

Stripe 

plants 

yield 

ing treatment 


' No. 1 

No. 

P.ct. 

P. ct. 

Bu. 

Bu. 

P. ct. 

Barley dope 
5% HgO 
(yellow 

423 

68 

13.8 

4.8 

; ! 

38.15 

3.56 , 

10.3 

oxide) . 

437 

69 

13.6 

: 8.3 

38.93 ! 

3.82 

10.9 

Steroeide . 

442 I 

69 

13.5 

9.5 

39.45 

1 3.78 

10.6 

575 . 

477 i 

| 32 

6.3 

18.2 

43.35 

1 7.14 

19.7 

Check . 

410 

1 136 

24.9 


36.75 



W 1 .JL. 

< 466 

K» 

; * 3.1 

15.5 

37.65 

1 1.44 

4.0 

Bow ...». 

485 

49 

9.2 

| 20.2 

j 42.50 

6.83 

19.2 

1234-57-2*.- i 

436 

; 66 

13.1 

* 8.1 

I 40.80 

5.67 

16. 

Bar 4_ 

Check*. 

468 * 

397 | 

> 1 

38 
| 113 

7.5 

22.2 

16.0 

! 42.55 
| 34.05 

7.96 

I 

23. 


• Date of 'planting, ^jjpil ^ 
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plots, the results of which are presented in table 6. These treatments are 
on the same lot of seed planted side by side in the same field on the same 
day. Because these data indicated that Bar 4 was equal to Bar 1 and Bar 
3, both in stripe control and effect on yields, Bar 4 was used extensively 
in experiments conducted in 1929. 

TABLE 9 .—Prevalence of barley stripe and yields of grain from treated and nontreated 
seed of the variety Minsturdi, planted April 33 and April 30, Ames, Iowa, 1939 


Planted April 22 Planted April 30 


Treatment 

Stripe 

Acre yield 

Increase 

Stripe 

Acre yield 

j Increase 

P. ct. 

Bu. 

Bu. 

P.ct. 

P.ct. 

Bu. 

i 

‘ Bu. 

P.ct 

Barley dope 

16.3 

— 


— 

16.4 

— 

— 

— 

5% HgO . 

9.0 

— 

— 

— 

8.5 

— 

— 

— 

Sterocide 

8.2 

— 

— 

— 

6.4 

— 

— 

— 

575 . 

5.2 

33.35 

4.50 

15.6 

— 

40.30 

9.70 

31.7 

Cheek . 

22.4 

28.85 



15.6 

30.60 



WB •. 

2.1 

33.40 

4.55 

15.8 

— 

37.35 

6.75 

22.1 

Bow . 

8.9 

— 

— 

— 

5.9 

— 

— 

— 

1234-57-2 ... 

11.3 

— 

— 

— 

6.1 

— 

— 

— 

Bar 4 . 

6.3 

33.05 

6.85 

26.1 

5.8 

39.00 

7.60 

24.2 

Check . 

21.7 

26.20 



17.0 

31.40 




Tables 8 and 9 present data from experiments in 1929 on the variety 
Minsturdi, in which Bar 4 was used as a seed treatment. The three ex¬ 
periments here reported consisted of 11 replications of the treatments and 
checks, 10 of which were harvested for yields. Yield data were not ob¬ 
tained on some of the treatments in two of the experiments. 

The data in tables 8 and 9 show that conditions for the development of 
stripe were about equal for the first two dates of planting, April 13 and 
22, and only slightly less favorable for the third planting on April 30. 
The percentage of stripe was at no time so high as it was in the first 
planting in 1928 (Table 6). However, the soil temperatures remained 
comparatively low all through April, resulting in little decrease in stripe 
in the successive plantings. The data also show that Bar 4 did not control 
stripe so effectively as was indicated by the 1928 data, but the increases 
in yields (23.0, 26.1, and 24.2 per cent, respectively) were large in com¬ 
parison with the percentage increases in healthy plants (15.2,15.8, and 10.5 
per cent, respectively). 

Table 10 presents the data from two seed-treatment experiments in 
which the variety Minsturdi was used. The one at Ames was planted April 
30 and the one at Mason City was planted May 3. Ten replications of the 
checks and treatments were harvested at each place. 
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TABLE 10 .—Prevalence of barley stripe and the yields of grain from treated and non- 
treated seed of the variety Minsturdi grown at Ames and 
Mason City, Iowa, 1999 


Treatment 

Per cent stripe 

Acre yields 

Bu. increase 

Percentage 

increase 

Ames 

Mason 

City 

Ames 

Mason 

City 

Ames 

Mason 

City 

Ames 

, Mason 
City 

Check . 

17.9 

16.3 

34.6 

20.3 


| 



Ceresan . 

0.25 

0.25 

39.3 

23.9 

5.2 

3.76 

15.2 

! 18.7 

1234-57-2 . 

0.75 

5.0 

36.2 

23.5 

2.6 

j 3.52 

| 7.7 

17.6 

5 % Hgo.; 

3.9 I 

9.0 

38.8 

21.4 

5.7 

! 1.58 

i 17.4 

! 8.0 

Sterocide . 1 

10.1 

16.5 

36.5 

22.2 

4.0 

| 2.54 

12.2 

| 12.9 

Check . j 

15.3 

12.8 

32.0 

19.5 


! 



w i.! 

3.7 i 

6.8 

32.2 

22.6 

0.3 

2.94 

-0.9 

! 15.0 

Bar 4 . 1 

6.2 

6.0 

40.1 

23.5 

7.0 

! 3.68 

21.2 

18.6 

Barley dope. 

15.5 

12.8 

37.2 

23.0 

3.6 

j 3.02 

10.7 

15.1 

Bow . 

3.5 

9.3 

34.7 

21.9 

0.6 

1 1.76 

2.0 

' 8.7 


The data in table 10 show that Ceresan effectively (98.5 and 98.3 per 
cent) controlled stripe and increased yields 15.2 and 18.7 per cent, respec¬ 
tively. Although Bar 4 was only 63 and 59 per cent effective in controlling 
stripe, the yields were increased 21.2 and 18.6 per cent, respectively. 

The effect of dust fungicides on the varieties Trebi and Colsess 

Table 11 presents the results of a seed-treatment experiment in 1928 on 
barley, variety Trebi, involving the same series of dust fungicides as we 
used on the variety Minsturdi. It is interesting to note that in this variety 

TABLE 11 .—Acre yields from treated and nontreated barley seed, variety Trebi, grown 
at the Agronomy Farm in ten rod-row replications, Ames, Iowa, 1998 


Treatment 

Acre yields 

in bushels 

Increase 

Treated 

Check 

Bu. ! 

1 

Per cent 

0 Check . 


45.50 

j 


1 BE . 

45.60 

45.75 

-0.15 

-0.3 

2 EE2 . 

46.55 

46.01 

0.54 

1.2 

3 Pb8 ... 

48.80 . 

46.27 

j 2.53 ; 

5.5 

4 Bar 1 .1... 

48,62 

46.52 

2.10 

4.5 

5 Check .. 


j 46.*7 



6 Bar 2 . * .. 

47.50 

47.66 

j 0.44 

O.fl 

7 Bar 3 *.„. 

48.35 

j 47.36 

0.99 1 

2.1 

8 1*104- .. 

48.17 

1 47.66 

0.51 

1.1 

pig. 

50.25 

47.96 

2.29 

4.£ 

10 Cheek .. 

; 

| 48.25 

i 
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the seed did not carry stripe and, therefore, no stripe plants developed in 
the plot. 

Table 11 shows that, although there was no stripe disease to control, 
the yields were not decreased by any of the treatments except EE, and this 
decrease was not significant. This suggests that none of the dust fungicides 
in the concentrations used w’as injurious to this variety of barley. 

The yield data in table 12 were recorded from an experiment located at 
Mason City, Iowa, in which the same lot of barley seed was used as in 
table 11. 

TABLE 12.— Acre yields from treated and nontreated barley seedy variety Trebi, grown 
at Mason City, Iowa, in five rod-row replications, 1928 


Treatment 

Acre yields 



Increase 

Bushels 


Bu. 

Per cent 

Cheek 

70.0 



i 

Bar 1 

69.4 


- 0.25 

- 0.36 

Bar 3 

78.9 


9.75 

14.1 

PIC 

63.9 


- 5.25 

- 7.6 

('heck 

68.3 





The results presented in table 12 are not so uniform as those in table 11, 
probably because only five replications were harvested. However, the 
results are in agreement with those of other experiments in that Bar 1 and 
Bar 3 are more satisfactory than PIC and suggest further that PIC may 
be injurious to the seed. 

TABLE 13 .—Prevalence of loose smut and yields of grain from treated and nontreated 
seed of the variety Colsess , Ames, Iowa, 1929 


Treatment 

Loose smut 

Acre yield b 

Increase 

P. ct. 

Bu. 

Bu. 

j P. ct. 

1 Barley dope .. . 

5.9 

41.00 

2.70 

7.1 

2 5% HgO (yellow oxide) . 

6.0 

38.50 

0.20 

0.5 

3 Sterocide . 

5.8 

43.70 

5.40 

14.1 

4 575 . 

5.7 

43.40 

5.10 

13.3 

5 Check* . 

5.8 

i 38.30 



6 WB . 

6.2 

42.00 

3.70 

9.7 

7 Bow . 

5.8 

39.70 

1.40 

3.7 

8 1234-57-2 . 

5.6 

1 41.60 

3.30 

8.6 

9 Bar 4 . 

5.6 

39.20 

0.90 

2.3 

10 Check . 

j 6.4 

| 38.30 

j 

! 


■ Checks had nearly two per cent stripe. 
b Five replications. 
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Table 13 presents the results of a seed-treatment experiment in 1929 
on barley, variety Colsess. This variety, as shown in table 4, is susceptible 
to many barley diseases but not especially susceptible to stripe (1.8% in 
1929). 

The data in table 13 show that none of the treatments was effective in 
controlling loose smut but that several treatments were followed by 
increased yields. 

RESULTS OBTAINED FROM DUST FUNGICIDES ON MANY 
VARIETIES OF BARLEY 

Table 14 gives the results of two dust fungicides on 20 different varieties 
of barley grown at Mason City, Iowa, in 1928. The seed of each variety 
was planted in four rod-rows and there were no replications. 

Table 14 shows that the mean yield of 20 varieties was slightly higher 
when the barley seed was treated with Bar 1 than when not treated, but the 

TABLE 14 .—Yields and differences in yields due to seed treatment of barley varieties 

at Mason City , Iowa , 1928 


Variety 

Control 

Bar 1 

EE 

Yield 

Yield 

Difference 

Yield j 

Difference 

OAC 21 . 

52.3 

54.6 

+ 2.3 ' 

53.2 | 

+ 0.9 

Minsturdi . 

50.2 

53.8 

+ 3.6 

47.5 

- 2.7 

Trebi . 

62.3 

75.5 

+13.2 

73.2 

+ 10.9 

Velvet . 

78.0 

79.2 

+ 1.2 

67.5 

-10.5 

Comfort . 

70.5 

75.2 

+ 4.7 

68.2 

- 2.3 

Glabron . 

65.5 

55.2 

-10.3 

62.5 

- 3.0 

WiB. Barbless. | 

63.7 

57.5 

- 6.2 

58.7 

- 5.0 

Manchuria . ' 

56.2 

51.0 

- 5.2 

48.5 

- 7.7 

Wis. No. 5-1. i 

50.0 

55.5 

+ 5.5 

54.5 

+ 4.5 

Featherston.. 

53.5 

47.7 

- 5.8 

61.5 

+ 8.0 

Alpha . 

59.2 

56.2 

- 3.0 

60.5 

+ 1.3 

Sandrel . 

69.2 

58.7 

-10.5 

70.0 

+ 0.8 

Hero . 

50.7 

62.5 

+ 11.8 

54.2 

+ 3.5 

Horn. 

52.2 

53.7 

+ 1.5 

61.7 

+ 9.5 

Blk. Hulless. 

44.5 

45.0 

+ 0.5 

50.0 

+ 5.5 

Nepal. 

33.0 , 

32.5 

- 0.5 

37.5 

+ 4.5 

Colsess . 

49.0 

49.5 

+ 0.5 

55.0 

| + 6.0 

Bonami . 1 .-. 

52.5 - 

| 52.2 

- 0.3 

50.7 j 

| - 1.8 

Ia. No. 99.. 

46.2 

54.2 

4 8.0 

51.5 1 

+ 5.3 

Swiss .. 

43.5 

45.5 

+ 2.0 

42.0 

+ 1.5 

Average .. 


i 55.8 

+ 0.7 

56.4 

+ 1.3 

Odds .. 

j 

* 

2.15:1 


5.54:1 



























TABLE 15 .—Summary of acre yields of IS xarieties of barley im a seed treatment and time-of-planting ex¬ 
periment , ten replications in all , conducted at Ames and Mason City, Iowa, in 19t9 
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results are not significant in terms of odds. The small increases in yields 
from seed treatment may be due to the fact that the seed used was almost 
entirely free from stripe and that only a few varieties had an appreciable 
amount of covered smut. The arrangement of the plot may not have been 
satisfactory from the standpoint of sampling the soil, because the non- 
treated rod rows were in one nonreplicated block. A similar block of 
treated rod rows was on each side of the nontreated block. 

In 1929, 18 barley varieties were planted twice at early, medium, and 
late dates at Ames and at early and late dates at Mason City, Iowa. A 
variety was represented in each of the ten plantings by four rod rows from 
nontreated seed and seven rod rows each of which was from seed treated 
with a different dust fungicide. Yield data were obtained from only three 
of the seed treatments at Mason City. A summary of the results at both 
places is presented in table 15. 

The data in table 15 show that, of the three treatments on which yield 
data were obtained, Ceresan gave the highest average increases. 

Yield data were obtained at Ames on the effects of all the dust fungi¬ 
cides used. Here the acre yields were computed on 6 replications of each 
treatment and 12 replications of the checks. The plant development at 
Ames was more uniform than at Mason City. At the latter place, the early 
planting was under excessive moisture conditions and the late planting met 
with such severe drought as to seriously decrease the yields. It seems 
probable that the results of the portion of the experiment located at Ames 
are more significant than the results of the whole experiment. The yield 
data from the plots located at Ames are presented in table 16. 

Table 16 shows that Trebi was the highest yielding variety and that, of 
the seven dust fungicides used, Bar 4 gave the highest increase when the 
yields of all the varieties were averaged. 

Table 17 presents the acre yields of the varieties when grown at Mason 
City, Iowa. 

The data in table 17 show that Trebi was again the highest yielding 
variety. A few varieties responded differently at Mason City. The 
variety Colsess is probably outstanding in this respect, yielding fourth 
from the lowest at Ames and third from the highest at Mason City. 

The occurrence of stripe in plants from nontreated and treated seed of 
the different varieties is recorded in table 18. Stripe in the different 
varieties is compared with the stripe in Jtinsturdi, the most susceptible 
variety. 

The data in table 18 show that Ceresan controlled stripe most effectively, 
fallowed in of&er by Bar 3 and Bar 4. The fungicidal dust containing 10 
per cent paraformaldehyde was {he most injurious to barley seed, reducing 



TABLE 16 .—Mean acre yields from barley seed of 18 varieties treated and not treated and planted twice at three dates in 1929, Ames, Iowa 
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TABLE 18.— Prevalence of barley itripe in IS varieties and the effect of seed treatment on 
strip and acre yields (yield data from Table lb), Ames, Iowa, 1SS9 
Number stripe plants 



Velvet 

3 

1 

6 

0 

0 

2 

4 

4 

5 

6 

5 

36 

12 

Glabron 

8 

5 

6 

1 

3 

6 

13 

4 

6 

6 

3 

61 

20 

Wis. B&rbless 

4 

1 

2 

0 

0 

0 

4 

3 

2 

3 

7 

26 

8 

Iowa 99 

5 

2 

3 

0 

2 

1 

6 

5 

5 

6 

5 

40 

13 

Bonami 

5 

6 

6 

0 

3 

1 

8 

3 

9 

7 

7 

55 

18 

Manchuria 

IS 

7 

8 

0 

4 

3 

12 

4 

10 

11 

7 

79 

26 

Wis. 5-1 

28 

36 

28 

0 

6 

16 

23 

22 

29 

31 

33 

252 

82 

Featherston 

12 

10 

6 

1 

1 

5 

3 

4 

6 

9 

9 

66 

21 

OAC 21 

8 

C 

5 

0 

1 

3 

2 

5 

6 

4 

2 

42 

14 

Minsturdi 

33 

33 

39 

1 

14 

19 

36 

31 

43 

25 

32 

306 

100 

Trebi 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

tr. 

Sandrel 

3 

3 

0 

0 

1 

4 

o 

1 

1 

1 

2 

18 

6 

Hero 

1 

3 

0 

0 

0 

o 

1 

0 

0 

0 

1 

8 

3 

Horn 

0 

0 

3 

0 

0 

0 

0 

2 

3 

o 

2 

12 

4 

Alpha 

11 

13 

20 

0 

3 

8 

9 

7 

14 

11 

16 

112 

37 

Colsess 

10 

7 

6 

0 

1 

1 

7 

5 

11 

6 

6 

60 

19 

Black Hulless 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

tr. 

Nepal 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Minsturdi (old) 

37 

58 

48 

0 

7 

25 

36 

18 

37 

40 

39 

343 

113 

Number stripe plants 

182 

192 

186 

3 

46 

96 

166 

118 

187 

168 

176 



Per cent stripe 

2.40 i 

1.53 

2.45 

0.04 

0.61 

1.26 

2.18 

1.55 

2.46 

2 21 

2.32 



Difference in p. ct. 

stripe 

in 












checks and treatments 


-0.08 

2.33 

1.76 

1.11 

0.19 

0.82 -0.09 





Acre yield increase, p. 

ct. 


0.95 

2.06 

3.65 

4.48- 

-3.21 

1.14 

0.43 






the yields 3.21 per cent. It is interesting to note that, of the three treat¬ 
ments giving an appreciable measure of stripe control (Ceresan, Bar 3, 
and Bar 4), the one most effective in controlling stripe was followed by the 
smallest increases in yields and the one least effective was followed by the 
greatest increases in yields. The data also indicate that Trebi, Black 
Hulless, and Nepal are relatively resistant to stripe. 

A summary of the effect on yields of barley varieties by seed treatment 
with Ceresan, Bar 3, and Bar 4, is presented in table 19. The varieties on 
which all three treatments increased the yields are placed in the first group 
in the table. The second group contains the varieties of which yields were 
increased by two of the three treatments, and the yields of the varieties 
in the third group were increased by one or none of the three treatments. 

Table 19 shows that, in the first group of varieties, the highest mean 
increase (20.8 per cent) from seed treated with Ceresan, Bar 3, and Bar 4, 
respectively, was on the variety Minsturdi (old seed) and ranged down to 

















TABLE 19. —Effect of seed treatment with Ceresan, Bar 3, and Bar 4 on yields of 18 varieties of barley, Ames, 

Iowa, 1939 (data from table 16) 
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6 per cent on the variety Black Hulless. The mean yields of the varieties 
in the second group were increased with the one exception that the mean 
yield of Alpha was decreased 1.7 per cent. In general, the percentage 
increases ranged lower than in the first group (6.3 to 1.0). The average 
effect of these three treatments on each of the five varieties in the third 
group was to decrease the yield. The percentage decreases ranged from 
8.7 to 0.7. The grouping in this table tends to show that some varieties of 
barley benefit more than others from the same seed treatments and that 
some varieties may be injured by seed treatments which are beneficial to 
many other varieties. By using other seed-treatment materials, these same 
varieties might react very differently and not fall in the same groups as 
in table 19. In table 19, the variety Colsess is in the third group, showing 
that it was not benefited by Bar 4. In table 13, the data show again that 
there was little benefit to the variety Colsess from the Bar 4 treatment, but, 
in the same experiment, Sterocide materially benefited this variety. 

SUMMARY 

There are five important diseases of barley in Iowa, namely, (1) stem 
rust, (2) stripe, (3) loose smut, (4) scab, and (5) covered smut. 

A satisfactory seed-treatment dust fungicide should (1) control stripe 
and covered smut, (2) partially control loose smut and scab, and (3) 
decrease the prevalence of stem rust and scab by permitting earlier 
planting. 

In 1928, certain trial dust fungicides increased the yields from stripe- 
infected seed 5.9 to 15.1 bushels, or 13.8 to 34.5 per cent. Stripe was more 
prevalent and, therefore, yield increases were greater in the early plantings. 

In 1929, in five experiments in which the plots were replicated ten times, 
26.1, 24.2, 23.0, 21.2, and 18.6 per cent increase in yields was obtained by 
seed treatment with Bar 4 on the same lot of stripe-infected seed as was 
used in 1928. In twx> similar experiments, seed treatment with Ceresan 
increased the yields 15.2 and 18.7 per cent, respectively. 

Data on the occurrence of stripe in 18 barley varieties from seed grown 
in a single field the preceding year indicate that Minsturdi and Oder- 
brucker (Wis. 3-1) are very susceptible and that Trebi, Spartan, Nepal, 
and Black Hulless are resistant varieties. 

In 1929, Trebi yielded highest at both Ames and Mason City, Iow r a. 

Data are offered which tend to show that certain varieties may be 
injured by seed treatment with Ceresan, Bar 3, and Bar 4 dust fungicides. 

Of the dust fungicides used in these experiments, Ceresan most effec¬ 
tively controlled stripe and can probably be used with safety on nearly 
all of the common varieties. 
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The results with trial dust fungicides indicate that little difficulty should 
be experienced in developing new ones that would result in greater increases 
in yields from diseased seed than are now obtained. 

Iowa Agricultural Experiment Station, 

Ames, Iowa. 
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THE FUNGICIDAL ACTION OF SULPHUR: I. THE ALLEGED 
ROLE OF PENTATHIONIC ACID 1 ' 2 

Frank Wilcoxon and S. E. A. McCallan» 
INTRODUCTION 

Although sulphur and certain of its compounds have been used for many 
years as a means of combating fungous diseases of plants, it is remarkable 
that there exists today no uniformity of opinion as to how its fungicidal 
action is exerted; and there is scarcely a compound of sulphur which might 
conceivably be formed from the element, under the conditions of use, to 
which its toxic action has not been attributed. Among these compounds are 
sulphur dioxide, hydrogen sulphide, sulphuric acid, thiosulphuric acid, and 
pentathionic acid. Some investigators maintain that the element itself is 
the active agent, either in finely divided form or as vapor, although its in¬ 
solubility and low vapor pressure have led the majority to consider it as a 
source of some more toxic principle. Extensive reviews of the earlier work 
on this topic are given by Windisch (54), Barker, Gimingham and Wiltshire 
(2), Doran (12), Young (55), Vogt (48), Thatcher and Streeter (46), 
Goodwin and Martin (20, 21), and others. There is a great diversity of 
opinion expressed, and much of the early work is inconclusive and not sup¬ 
ported by adequate experimental evidence. 

The present paper presents the results of an experimental test of the 
hypothesis of Young (55), first set forth in 1922, that traces of pentathionic 
acid associated with sulphur and formed from it constitute the active fungi¬ 
cidal agent. It is hoped to follow this with a second communication dealing 
with hydrogen sulphide, which has recently become once more of interest 
through the work of Marsh (30). 

It has been shown by Freundlich and Scholz (19), that certain types of 
colloidal sulphur are stabilized by adsorbed traces of pentathionic acid. 
These types, called hydrophilic because of the greater degree of hydration 
of the particles, were found by Young (55, p. 413) to be more toxic than the 
hydrophobic types which do not contain pentathionic acid. Later he and 
Williams (51, 52, 56, 57) were able to correlate the toxicity of sulphur 
dusts with the presence or absence of pentathionic acid on the sulphur par- 

* Contributions from the Boyce Thompson Institute for Plant Research, Inc., Yon¬ 
kers, New York, published at the expense of the Institute out of the order determined by 
the date of receipt of tho manuscript. 

2 Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 2. 

8 The authors wish to acknowledge their indebtedness to Prof. C. W. Mason of Cor¬ 
nell University, for his optical and crystallographic observations on the samples of 
potassium and barium pentathionates used in this investigation. 
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tides. Several of the published statements of Young in regard to the chem¬ 
istry of pentathionic acid are at variance with previous chemical knowledge. 
For example, Young (55, p. 426) states that pentathionic acid is stable only 
within a narrow range of pH 4.2-5.4; whereas, it is well known that the acid 
is detroyed by alkalies, and rendered more stable by acids, and does not 
exhibit any such zone of optimum stability. Thus Freundlich and SchoTz 
(19, p. 265), in discussing the stability of colloidal sulphur, say: “Sauren 
flocken deswegen so schwach, weil sie die Bestandigkeit der Pentathionsaure 
erhohen.” Again, Young in summarizing the results of his first paper (55, 
p. 432) states that pentathionic acid is volatile. This is contrary to the im¬ 
pression of previous workers in the field of the polythionic acids, and has 
not been shown, so far as the present authors are aware. Young does not 
describe in detail his method of preparing solutions of pentathionic add, 
although he and Williams (52, 57) and Williams, Liming and Young (53) 
give the results of spore germination tests with such solutions, and it is not 
clear that they ever studied pure solutions of this acid, uncontaminated by 
other substances. The importance of doing this w T ill be realized when it is 
remembered that pentathionic acid readily reacts with many other sub¬ 
stances forming finely divided sulphur as a product, which would compli¬ 
cate the interpretation of the results. The conclusions of Young have been 
criticized by Barker (39, p. 313; 1, p. 80) on the ground that sulphur ex¬ 
hibits toxicity outside the limits of pH specified by Young for the existence 
of pentathionic acid. Goodwin and Martin (20, p. 626) have also ques¬ 
tioned the statements of Young regarding the volatility of pentathionic 
acid. Roach and Glynne (38), in their studies on the winter sporangia of 
Synchytrium endobioticum (Schilb.) Perc., w*ere unable to find any differ¬ 
ence in toxicity between pentathionic and sulphuric acids, at the same hy¬ 
drogen-ion concentration. 

In making comparisons of the toxicity of chemical substances to fungus 
spores, there are two requisites for obtaining accurate results which, though 
quite obvious, have not always received the consideration they deserve, (a) 
The substances whose toxicity is to be measured must be available in a pure 
state and of known concentration, and (b) the technique employed must be 
capable of distinguishing between the toxicity of the substances it is desired 
to compare. 

EXPERIMENTAL METHODS 

In these studies spore-germination tests have been employed to determine 
toxicity and the methods followed are those described in detail by McOallan 
(31, 32). $hese are moist-chamber tests and consiskessentially of germi¬ 
nating the spores on gfcass slides in inverted moist chambers. The spores 
$re sttspendOdUtp the liquid toxic agent and pipetted as drops onto the 
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slides- In the case of toxic dusts, the slides are first dusted and then an 
aqueous suspension of spores pipetted onto the slides. The slides are sup¬ 
ported on glass racks in the moist chamber, there being four slides to each 
chamber. Four drops are placed on each slide, hence there are a total of 
sixteen drops in each chamber. For an illustration of a moist chamber com¬ 
pletely set up see McCallan (31). The chambers are sealed with water to 
preserve an atmosphere of high humidity. These chambers are placed at 
the desired temperature and the spores examined for germination after a 
given time. The percentage of germination and average length of germ 
tubes are recorded. 

Redistilled water has been used as the medium for all tests and the tem¬ 
perature in all cases was within the range 19-23° C. The concentration of 
spores in the drops ranged from about 10 to 40 per low-power field of 1920 g 
diameter. In determining the toxicity of a given compound to a given 
fungus, the number of spores per field was always approximately the same. 
The time allowed for germination before examination was from 18 to 48 
hours. Since, in none of the fungus spores employed has the percentage of 
germination appreciably increased after 12 hours, the longer periods of 
time have merely facilitated greater growth of the germ tubes already 
formed. In most cases there was but little further elongation after 24 
hours. 

Four common and representative pathogenic fungi were selected for this 
study: Sclerotinia americana (Wormald) Norton and Ezekiel (13). Boiryiis 
sp., of cinerea type, Macrosporinm sarcinaeforme Cav., and Vromyees 
caryophyllinus (Schrank) Winter. The first three species were among 
those studied by Young in his first paper (55), provided that his Sclerotinia 
was also the common American brown-rot fungus. Young employed Sclero¬ 
tinia almost exclusively in his latter studies. The Sclerotinia americana 
was isolated from infected white sweet cherries at Mattituck, New York, 
June, 1929. This fungus has been grown on potato-dextrose agar, where it 
sporulated abundantly. The spore-germination factors for S. americana 
have been discussed by McCallan (32). Since age is important, only conidia 
from cultures 5 to 10 days old have been used. The optimum germination 
temperature for these conidia is 23° C. The Botrytis sp., was obtained 
from H. H. Whetzel, Cornell University, who considers it of the cinerea 
type and designates it No. 885 in his collection. The fungus was isolated in 
1927 at St. Catherines, Ontario, Canada, from marigold, and has also been 
grown on potato-dextrose agar, where it sporulates fairly well. The opti¬ 
mum germination temperature was found to be 20°-25° C. The Macro - 
sporium sarcinaeforme was isolated by J. G. Horsfall at the Cornell Univer¬ 
sity Experiment Station from red clover in July, 1927. This fungus was 
likewise grown on potato-dextrose agar and, having a wide temperature 
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range, the eonidia germinated readily at the temperatures employed. The 
Uromyces caryophyUinus was obtained from naturally infected carnation 
plants of the Early Dawn variety grown in the greenhouses at this Institute. 
The Uromyces uredospores, as is typical of many rust fungi, do not germi¬ 
nate well in the centre of the drop, therefore, germination counts were con¬ 
fined to those in the peripheral zone of the drop. Doran’s (11) narrow 
optimum temperature of 14° C., for the germination of these spores was 
not substantiated, for it was found that they germinated equally well over 
the range 10°, 15°, and 20° C., the latter of which was employed in these 
studies. 

The spores from these four fungi are especially suitable because of the 
representative range of sulphur sensitivity each exhibits. Table 1, compiled 
from a number of experiments, demonstrates this varying degree of sensi¬ 
tivity to 300-mesh dusting sulphur. 


TABLE 1.— The degree of sensitivity to 300-mesh dusting sulphur exhibited by the 

spores of the fungi employed 


Fungus 

Spore form 

Percentage of ger¬ 
mination 

Length of germ 
tubes (p) 

Control 

Sulphur 

Control ( 

j 

Sulphur 

Botrytis Bp. (cineVea type) 

eonidia 

99.0 

99.0 

1 200 1 

200 

Macrosporium sarcinaeforme 

^ eonidia 

1 

99.0 

99.0 

400 

200 

Sclerotinia americana 

| eonidia 

98.1 

60.2 

400 

80 

Uromyces caryophyllinus 

uredospores 

84.2 

11.3 

400 

40 


Under field conditions eonidia of Sclerotinia americana are considered 
very sulphur-sensitive. It is therefore probable that only those spores 
whose germ tubes approach the vigor and length of the control would be 
capable of causing infection. 

Much of the published work on spore-germination toxicity tests must be 
discredited for two reasons: first, because of the lack of sufficiently con¬ 
trolled factors, and secondly, because of the lack of sufficient replications 
and number of spores counted. In another paper (31) the importance of 
controlled factors has been stressed. A thorough knowledge of the condi¬ 
tions affecting the germination of the fungus spores to be employed is the 
first prerequisite. The controls must give consistent germination if any re¬ 
liance is .to be placed on the results obtained. In the studies with Botrytis 
and MaOrospprium a ctetnpl germination between 97.5 and 100 per cent was 
|3ways obtained. In the case of S/derotinia americana seventy-five per cent 
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of all controls gave a germination between 96.5 and 100 per cent. When 
the germination percentage in the controls is unusually low a dispropor- 
tionate effect is obtained with the treated spores, the percentage of germina¬ 
tion in the latter being greatly reduced. For this reason, all experiments 
with Sclerotinia americana have been discarded in which the controls have 
given less than 96 per cent germination. The uredospores of the obligate 
parasite Vromyces caryophyllinus are more variable in their germination. 

All experiments have been performed using duplicate and, in some cases, 
triplicate and quadruplicate moist-chamber tests. In general, but one mi¬ 
croscopic field has been counted in each spore-suspension drop; however, in 
the case of low spore-suspension concentrations more fields have been 
counted. From 600 to 2000 spores have been counted from the eight slides 
constituting a duplicate moist-chamber experiment. The larger the number 
of spores counted the smaller can be the significant difference between treat¬ 
ments. In any experiment of this kind, it is necessary to balance the time 
and labor involved in counting a large number of spores against the preci¬ 
sion attainable in the final result and effect a compromise which will give 
the desired precision. 

From the data obtained in 250 representative duplicate tests, the stand¬ 
ard deviation of a single moist-chamber test was calculated by the method 
of Fleisch (14), and that of the difference between two such tests by the 
usual formula o- A 2 _ B - oj+o-z. The significance of any observed difference be¬ 
tween two treatments may then be estimated by referring to a table of 
values of the probability integral. Unless the difference is at least twice its 
standard deviation it can not be considered very significant. These values, 
calculated for five different germination-percentage classes, are shown in 
table 2. 

TABLE 2 .—The average percentage of deviation of representative duplicate tests from 
their mean , and the difference in germination percentage required to show 
a significant difference between treatments> calculated for five 
germination-percentage classes 


Qermination— 
percentage 
class 

Total num¬ 
ber duplicate 
tests 

Average per¬ 
centage of 
deviation of 
duplicates 
from their 
mean 

Standard 
deviation of 
single test: 
per cent 

| 

Standard de¬ 
viation of 
difference be¬ 
tween two | 
similar tests: 
per cent 

Germina¬ 
tion—per¬ 
centage dif¬ 
ference to 
give odds of 
50-1 

0 - 20 

50 

0.99 

2.27 

3.21 

7.45 

20- 40 

50 

2.60 

4.80 

6.79 

15.75 

40- 60 

50 

3.78 

7.46 

10.55 

24.48 

60- 80 

50 

2.76 

5.61 

7.93 

18.50 

80-100 

1 50 

i 

0.45 

1.19 

j 1.68 

3.90 
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It will be observed that the mean deviation of duplicates is least in the 
0-20 and 80-100 per cent groups, and greatest in the 40-60 per cent group. 
Because of the variation in the viability of the spores, a repetition of tests 
at different times, that is different experiments, will not give such consistent 
results as duplicates of the same experiment at the same time. A similar 
effect has been observed by Smith (42, p. 31). 

THE TOXICITY OP PENTATHIONIC ACID 

The chemistry of pentathionic acid 

Historical .—Pentathionic acid, H 2 S 5 0 6 , has been the subject of numer¬ 
ous investigations (17, 18, 28, 29, 41) since its discovery by Wackenroder 
(49) more than eighty years ago, in the solution obtained by passing hydro¬ 
gen sulphide and sulphur dioxide into water. The difficulties encountered 
in preparing the salts of this acid in pure form suitable for analysis led 
some workers to doubt its existence. Spring (44, 45) in a series of papers, 
the last of which was published in 1882, presented a critical discussion of 
previous work and concluded that the alleged pentathionic acid was a solu¬ 
tion of sulphur in tetrathionic acid. In 1888 Debus (10) published the 
results of a very thorough study of the Wackenroder solution in the course 
of which methods were devised for obtaining several of the salts in pure 
form, by treatment of the concentrated solution with the acetate of the 
metal whose salt was desired. It was also shown that the salts could be 
recrystallized from an acidulated solution with less decomposition than 
from pure water. The work of Debus eliminated all doubt as to the exist¬ 
ence of the acid, and subsequent investigators have dealt with the mode of 
its formation and decomposition (16, 24, 35, 36), structure, physical proper¬ 
ties (15, 23), and its quantitative determination in the presence of other 
sulphur acids (25, 27, 37). Some of these questions have not yet been satis¬ 
factorily settled (3). It was found by Salzer (40) that pentathionic acid 
was formed in an acidified solution of sodium thiosulphate if a small amount 
of arsenious acid were present. This method of preparation of the acid and 
its salts has been used by Raschig (34) and has been thoroughly studied by 
Kurtenacker and Czernotzky (26). It furnishes a much more convenient 
method of preparation than the original method of Wackenroder, since, by 
suitable adjustment of the concentrations of the reactants, the yield of pen- 
tathionic acid can be made large and that of other polythionic acids quite 
small* # 

In addition to these two methods of preparation it has been shown that 
pentathionic acid ife 'formed by the hydrolysis of sulphur monochloride (19, 
p. 266), as well as by leading sulphur vapor and water vapor through a 
heated,tube (26). Of special interest in connection with this investigation 
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is the suggestion of Brugnatelli and Pelloggio (6) that oxidation of sulphur 
in the presence of moisture leads to the formation of pentathionic acid as 
an intermediate product in the formation of sulphuric acid. An interest¬ 
ing ease of the occurrence of pentathionates in nature is reported by Day 
and Allen (9, pp. 115-118). These authors found that salt incrustations 
around hot springs near Lassen Peak, Shasta County, California, contained 
considerable amounts of soluble pentathionates. 

Pentathionic acid has not been obtained in a pure state, although aque¬ 
ous solutions containing 50-60 per cent of the acid may be prepared. It is 
a strong acid comparable to sulphuric acid and may be titrated with methyl- 
orange indicator. It is fairly stable in the presence of other strong mineral 
acids, but is at once decomposed by addition of an excess of sodium hydrox¬ 
ide solution, with separation of elementary sulphur in finely divided form, 
and this reaction forms the basis of a characteristic qualitative test for 
pentathionic acid, since no other oxygen acid of sulphur gives this test, 
with the possible exception of the recently prepared hexathionic acid (50). 
A less conclusive test is the formation of silver sulphide when a solution con¬ 
taining pentathionic acid is treated with aminoniacal silver-nitrate solution. 

Among other reactions of pentathionates may be mentioned that with 
sodium sulphite forming sodium trithionate and thiosulphate, which has 
been used as a rapid titration method by Kurtenacker and Bittner (25). 
Hydrogen sulphide also rapidly decomposes pentathionic acid forming sul¬ 
phur and water, according to Debus (10). 

Preparation of potassium pentathionate and barium pentathionate .—In 
order to test the hypothesis that pentathionic acid is a factor in the toxic 
action of sulphur on fungus spores, it is desirable to prepare solutions of the 
acid from its purified salts, since the crude preparations obtained by the 
method of Wackenroder or of Salzer may contain a number of other com¬ 
pounds in addition to pentathionic acid. The potassium salt has been pre¬ 
pared by a number of investigators and its optical and crystallographic 
properties described by Fock and Kliiss (15). Barium pentathionate has 
been prepared by Lenoir (29) and by Fordos and Gelis (18), and these 
authors note that the barium salt when precipitated by alcohol persistently 
retains small amounts of alcohol. 

The procedure used in this investigation was the same as that described 
by Raschig (34, pp. 274-289). The final syrupy solution of pentathionic 
acid was freed from sodium pentathionate as described by him and treated 
with potassium acetate and acetic acid in alcohol. The potassium salt was 
recrystallised once from water containing 1 per cent sulphuric acid, washed 
with alcohol, and dried over calcium chloride. In the case of the barium 
salt, a concentrated solution of barium acetate, containing 3 per cent of free 
acetic acid was added to the pentathionic acid and barium sulphate filtered 
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off. On treating the filtrate with an equal volume of alcohol, the barium 
pentathionate separated in well-formed rectangular tablets. This salt was 
dissolved in water acidulated with acetic acid, and reprecipitated with al¬ 
cohol. The proportion of potassium or of barium in these preparations was 
determined by ignition to constant weight with an excess of concentrated 
sulphuric acid and that of sulphur by oxidation with bromine and hydro¬ 
chloric acid followed by precipitation as barium sulphate. 

TABLE 3 .—Results of analyses of potassium pentathionate and barium pentathionate 


Potassium pentathionate 


Barium pentathionate 


Found 

I 

Calculated for 
i K^O^li HjO 


Found 

Calculated for 
BaR»0..3* H a O 

Potassium 

| 21.67% j 

| 21.63% j 

Barium 

30.21% 

( 30.08% 

Sulphur 

44.16% 

41.34 % ! 

Sulphur 1 

35.30% 

1 35.10% 

Ratio K-S 

2-4.97 

2-5 

Ratio Ba-S 

1-3.01 

1-5 


The crystals dissolved in water, formed a clear solution and gave the qual- 
tative tests for a pentathionate, t.e., an immediate precipitation of sulphur 
with sodium hydroxide and a brownish black precipitate with ammoniacal 
silver nitrate. A 0.1-gram portion in 10 c.c. did not decolorize 1 drop N/10 
iodine, indicating the absence of sulphites and thiosulphates, and gave no 
precipitate with barium chloride, indicating the absence of sulphates. The 
crystals (Figs. 1 and 2) were submitted for examination to (\ W. Mason, of 
Cornell University, who reports as follows: 

“Potassium pentathionate hemitrihydrate. Orthorhombic, (as described 
by Groth: Chemische Krystallographie 2: 717. Leipzig, 1906). 2V about 
65°, v < p, with the axial plane parallel to 010. Optically negative. Re¬ 
fractive indices by the immersion method: a = 1.570; 3 = 1.63 =t=; y = 1.658. M 

“Barium pentathionate, hydrated. As received: well-formed rectangu¬ 
lar tablets, occasionally with their comers truncated by small bipyramid 
faces. The tablets are flattened parallel to the axial plane, so that only edge 
views exhibit interference figures, 2E is large, and the optical character is 
positive (+)• Refractive indices by the immersion method: a = 1.620-; 
{3 = 1.640-; y = 

“The above tablets, placed ift Water, become covered by numerous small 
prismatic crystals. Recrystallised from water, in which the salt is very 
soluble, im|>erfect tapering four sided prisms with curved edges, very acute 
ends, apd marked transverse cleavage, are obtained. These exhibit extinc¬ 
tion varvii* from parallel to *bout 8° as a maximum. Interference figures 
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Fio. 2. Cry»tala of barium pentathionate from aqueous solution by addition 

of alcohol. 
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were not obtained on account of the unfavorable habit of the crystals. Ap¬ 
proximate refractive indices, by the immersion method: a = 1*59; (3 = 1.67; 
y = 1.75, Recrystallized by the addition of alcohol to a concentrated aque¬ 
ous solution, crystals like those from water are first formed, singly and in 
clusters. As more alcohol is added these dissolve and rectangular tablets 
appear, finally replacing them completely. This indicates the existence of 
two different degrees of hydration . 9 9 

Solutions containing pentathionic acid were obtained by treating 1 gram 
of the potassium salt with the calculated quantity of tartaric acid required 
to liberate the pentathionic acid and form potassium acid tartrate, if the 
reaction were complete. It was found, however, by weighing the potassium 
acid tartrate which crystallized out, that the conversion was approximately 
50 per cent complete and the final solution contained pentathionic acid, 
potassium pentathionat#, and tartaric acid. 

In the case of the barium salt, solutions of pentathionic acid were ob¬ 
tained by adding to a known solution of the salt the exact quantity of stand¬ 
ard sulphuric acid required to precipitate the barium as sulphate. The 
latter was filtered off and the solution diluted to the concentration desired. 
The pentathionic acid solutions obtained in this manner were quite stable, 
did not deposit sulphur on standing, and still gave tests for pentathionic 
acid after keeping for a month. 

The relative toxicity of pentathionic acid, sulphuric acid, and 
hydrogen sulphide 

In this series of experiments, the comparative toxicity of j>entathionic 
acid, sulphuric acid, and hydrogen sulphide was determined. Sulphuric 
acid was chosen for comparison because it is a typical strong mineral acid, 
as is pentathionic acid, but the sulphate ion shows no marked toxicity to 
fungus spores (7). Sulphuric acid is commonly present in commercial 
sulphur, and in greater quantities than pentathionic acid, and finally, it was 
used as a standard of comparison by Young And til coworkers (52, 53). 
Preliminary results with hydrogen sulphide are included, since the recent 
work of Marsh (30) appears to confirm the early findings of Polacci (33) 
that this substance is an important factor in the fungicidal action of sul¬ 
phur. Hydrogen sulphide rapidly escapes from aqueous solutions exposed 
to the air. Hence it was necessary to perform the toxicity tests in a closed 
vessel. The'hydrogen-ion concentration of the sulphuric acid and pen- 
tathionk*cid solutions was determined with the antimony electrode (4, pp. 
83, 84), because irregular results were obtained with pentathionic acid when 
the hydfogen electrode was used. The results of this series of experiments 
are presented in tables 4 to 8 and figures 3 to 10. 
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Fig. 3. The percentage of germination of conidia of Scleroltnta americana in solutions 
containing varying concentrations of HjS, II.S0 4 and of HjS*0« prepared 
from the barium salt. 



Fig. 4. The percentage of germination of conidia of Sclcrotima americana in solutions 
of H.80< and H : 8 4 0«, plotted against the pH of these solutions. 
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CONCENTRATION- MILLIMOL5 PER LITER 
The percentage of germination of conidia of Boirylis sp. (einerea type) in solu 
tions containing varying concentrations of H-S, H.S0 4 and of 
IL8 5 0, prepared from the barium salt. 



rH 

Flo. 0. The percentage of germination of conidia of Botryli* sp. (cinerea type) in solu¬ 
tions of H 3 SO« and H*8 4 0«, plotted against the pH of these solutions. 
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CONCENTRATION-MILLIMOLS PER LITER 

Pig. 7. The percentage of germination of conidia of Maerospi>r\um sarcxnaefornu in 
solutions containing varying concentrations of H,S, H ; S0 4 and of H ? S 5 0« 
prepared from the barium and potassium salts. 



„H 

Fig. 8. The percentage of germination of conidia of Macrosponum $arcinaeforme in 
solutions of H ? 80« and H,S 6 O t plotted against the pH of these solutions. 
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00 0» 0? 03 C4 Ob 06 07 00 

concentration-millimols per liter 

Fia. 9. The percentage of germination of uredospores of Vromyce# caryophylhnus in 
solution* containing varying concentrations of H 2 S, H 2 S0 4 and of H 2 S,0, 
prepared from the potassium salt. 



Fio. 10. The percentage of germination of uredospores of TJromcyes caryophyllinus in 
solution of H,80« and H&Ot, plotted against the pH of these solutions. 
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Since the results obtained with a given fungus, using sulphuric and 
pentathionic acids, are in no case significantly different, as was also found 
by Roach and Glynne (38), working with Synchytrium endobioticum, a 
single curve has been drawn through all the points obtained. This curve 
was derived by plotting the points on probability paper (47, pp. 263-270) 
and drawing the best straight line through the points by the method of least 
squares. The sigmoid curve obtained in this way, which may be considered 
as the integrated form of a probability curve, appears to fit the data quite 
well. The theoretical significance of such a curve in relation to toxicity ex¬ 
periments has been discussed by Brooks (5, p. 78) and Smith (42, pp. 
31-34; 43, pp. 340-341). It will be observed that in every case hydrogen 
sulphide exhibits much greater toxicity than either sulphuric acid or pen¬ 
tathionic acid. 

When the percentage of germination is plotted against pH for sulphuric 
and pentathionic acids, no evidence is obtained for an optimum zone of 
toxicity. The solutions show no effect until a rather high acidity is reached, 
which varies for the different species of fungi, and the curves then drop 
sharply, the point of complete inhibition of germination being reached quite 
rapidly. 

The difference in effect of the pentathionic acid solutions made from the 
potassium salt and those made from the barium salt may perhaps be ascribed 
to the content of foreign material in the former, namely, potassium pen- 
tathionate and tartaric acid, which contribute much to the total molecular 
concentration but little to the acidity. 

An interesting observation frequently made was that discarded solutions 
of pentathionic acid became contaminated with a species of Penicillium, 
which grew luxuriantly in these solutions. This was not the case with the 
sulphuric acid solutions. 

The toxicity of the salts of pentathionic acid 

Although, according to Williams and Young, free pentathionic acid 
exhibits marked toxicity, these authors state that the neutral salts are non¬ 
toxic (52, p. 361). Accordingly, a study has been made of the toxicity of 
potassium pentathionate to the conidia of Sclerotina americana , in distilled 
water, in an acid buffer solution, and in a solution to which sufficient sodium 
hydroxide was added to cause incipient decomposition of the potassium 
pentathionate. The buffer used was the phthalate—XaOH buffer of Clark 
and Lubs (8) pH 4.6 diluted to $ the recommended strength. The results 
are shown in tables 9 and 10. 

Potassium pentathionate in distilled water was entirely nontoxic at the 
concentration employed. When the salt is placed in an acid buffer a cer¬ 
tain amount of free pentathionic acid must be formed, but, even under 
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TABLE 9 .—The toxicity of potassium pentathionate solutions to the conidia of 

Sclerottnia amencana 


Solution 

Percentage of 

Germ-tube 

germination 

i length (p) 

Control 

99.2 

1 500 

0.10% KAO. • 11 H,0 in redistilled water 

0.01% KjSiOi * 11 H*0 in potassium acid phthalate— 

99.4 

500 

NaOH buffer, pH 4.6 

99.4 

500 

0.10% KAO. 11 H,0 in potassium acid phthalate— 



NaOH buffer, pH 4.6 

99.1 

500 

0.50% KAO. li H,0 in potassium acid phthalate— 



NaOH buffer, pH 4.6 

99.2 

500 

Potassium acid phthalate—NaOH buffer, pH 4.6 

99.4 

500 

TABLE 10 .—The toxicity t to the conidia of Sclerotmia americana, of colloidal sulphur 

formed from solutions of potassium pentathionate and sodium hydroxide 

Solution pH 

Percentage of 
germination 

Germ-tube 
length (p) 


Control 

— 

98.5 

275 

95 c.c. 0.5% KAO. 1* H 3 0 + 5 c.c. N/10 
NaOH 

6.72 

0 

0 

ditto, diluted 1-10 

6.40 

62.5 

75 

5 c.c. N/10 m 100 c.c. redistilled H,0 

11.14 

83.9 

200 

ditto, diluted 1-10 

10.49 

97.6 

350 


these conditions, no toxicity was exhibited, although the pH value of 4 6 
lies within the range of maximum toxicity according to Young (55, p. 410). 

In the case of the solutions to which sodium hydroxide was added, due 
to partial decomposition, colloidal sulphur uas formed, and these solutions 
were highly toxic. 

THE TOXICITY OF WATER EXTRACTS FROM SCLPIIUR 

Williams and Young (52, p. 359) have stated that pentathionic acid 
is found in filtered water extracts from sulphur. In another place (57, 
p. 19) the same authors say that this acid is adsorbed quite completely by 
the sulphur particle so that none can be washed off. According to our ex¬ 
perience most samples of sulphur give water extracts which respond to tests 
given by pentathionic acid, (a) They form a brownish black precipitate 
of silver sulphide with ammoniacal silver nitrate, (b) When hydrogen 
sulphide is passed through the extracts for several minutes, colloidal sul¬ 
phur is formed, (c) There is a slight precipitate formed when the ex¬ 
tracts are made alkaline with sodium hydroxide. None of the extracts 
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examined gave the methylene blue test for hydrogen sulphide. The re¬ 
actions obtained were, however, not very distinct, and other substances 
than pentathionic acid might have given each of them; we are only justified 
in saying, therefore, that there is a strong probability of the existence of 
traces of pentathionic acid in the water extracts but not an absolute 
certainty. 

The toxicity of water extracts from several samples of sulphur has 
been determined. These extracts were made by triturating 100 gram por¬ 
tions of sulphur in a mortar with 100 c.c. of distilled water and filtering 
the mixture. Three of the sulphur samples were obtained from a well- 
known firm dealing in chemical reagents and correspond to the sulphur 
preparations listed in the U. S. Pharmacopeia and others were two well- 
known brands of commercial 300-mesh dusting sulphur. One of the latter 
gave an alkaline water extract which showed the presence of calcium when 
tested with ammonia and ammonium oxalate. None of the extracts tested 
showed any toxicity to conidia of Sclerotinia americana when prepared as 
described above. The results appear in table 11. 


TABLE 11 .—The toxicity of water extracts from various lcinds of sulphur to the 
conidia of Sclerotinia americana 


Solution 

i 

pH 

Percentage of 
germination 

Germ-tube 

1 length (p) 

Control ... „ | 


99 3 

900 

Water extract from Sulphur Lotum . 

6.0 

99.5 

900 

“ “ ** Sulphur Praeeipitum . 

6.4 

99.4 

800 

“ “ “ Boll Sulphnr . 

6.2 

99.3 

900 

Control . . i 


97.6 

17*5 

Water extract from commercial dusting sul¬ 


AIM 

phur (A) ___ 

4.2 

98.2 

180 

Water extract from commercial dusting sul- , 




phur (B) ... . 

8.6 

98.8 

225 


The toxicity of bulphur dust before and after 

TREATMENT TO REMOVE ACIDS 

When it is desired to compare two samples of sulphur and to determine 
the effect oi some factor on their toxicity, as, for example, the presence or 
absence of pentathionic acid, it is necessary that the samples should be 
alike in other respects. One factor that might be expected to influence 
the toxicity is thr particle sue of the material. Boll sulphur was ground 
and sieved to faridst^ four samples whose particles varied from 33 to 285 n 
in- di a met er. The average diameter for each lot was determined by micro- 
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metric measurement of the particles. The toxicity to conidia of Sclerotinia 
americana was determined in quadruplicate tests on each sample. The 
results are shown in table 12. 

TABLE 12 .—The relation between the particle size and toxicity of a sul¬ 
phur dust to the conidia of 8clerotinia americana 


Treatment 


Mean diameter of Percentage of 
particle (n) germination 


Control 

Ground Roll Sulphur 

tt < < it 

t i tt n 

tt 4 4 4 4 


— 

97.6 

285 

62.8 

142 

47.2 

60 

29.1 

33 

20.7 


It will be seen that the toxicity increases to a marked degree as the 
particles decrease in size, and therefore particle size must be considered 
in the evaluation of sulphur dusts as fungicides. 

If the toxic factor of sulphur were pentathionic acid, it would be rea¬ 
sonable to expect a difference in toxicity between sulphur, treated in such 
a way as to destroy any traces which might exist, and the original sample. 
Accordingly, a sample of 300-mesh dusting sulphur which gave a marked 
test with ammoniacal silver nitrate, was divided into two portions. One 
of these was triturated in a mortar with one per cent sodium hydroxide 
solution and allowed to remain in contact with the solution overnight. 
The next morning it was filtered with suction and thoroughly washed until 
the washings were neutral to litmus. Just before use, a portion was ex¬ 
tracted with distilled water and the extract tested for pentathionic acid 
with ammoniacal silver nitrate. None was found. Comparative toxicity 
tests, using the conidia of Sclerotinia americana . were then made on the 
tw r o samples in triplicate, 5000 spores being counted. The results of this 
experiment are shown in table 13. 

TABLE 13 .—The comparative toxicity, to Sclerotinia americana contdia f of sulphur dust 
before and after treatment to remove pentathionic acid 


Treatment 

Percentage of 
germination 

Germ-tube 
length (n) 

Control 

300-mesh sulphur untreated; with original pentathionic 

98.0 

400 

acid content 

64.7 

100 

300-mesh sulphur treated to remove content of pen¬ 

, 


tathionic acid 

64.4 

100 


There is no significant difference in toxicity between sulphur treated 
to remove pentathionic acid and untreated sulphur. 
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SUMMARY 

1. The various theories that have been advanced to account for the 
fungicidal action of sulphur have been briefly reviewed, with especial em¬ 
phasis on the pentathionic acid hypothesis of Young. 

2. An improved technique has been employed for the laboratory deter¬ 
mination of fungicidal activity, by means of spore-germination tests. 

3. The spores of four representative pathogenic fungi were used, 
namely, Botrytis sp. ( cinerea type), Macrosporium sarcinaeforme. Sclera - 
tinia americana , and Uromyces caryopkyUinus; these exhibit varying de¬ 
grees of sulphur sensitivity. 

4. The accuracy attained in these tests has been determined, and de¬ 
fined in terms of percentage of germination and odds of significance. 

5. The chemistry of pentathionic acid has been discussed, and the prep¬ 
aration, analysis, and properties of potassium and barium penathionates 
have been described. Pentathionic acid solutions have been prepared from 
these salts. 

6. The comparative toxicity of pentathionic acid, sulphuric acid, and 
hydrogen sulphide to the four fungi has been determined. It has been 
found that pentathionic and sulphuric acids, both typical strong mineral 
acids, exhibit identical toxicity within the error of the experiment. The 
toxicity of these acids is apparently due to the hydrogen ion, and a com¬ 
paratively high concentration is required for its manifestation. Hydrogen 
sulphide is from 6 to 200 times as toxic. 

7. When percentage of germination is plotted against concentration of 
a toxic agent, a sigmoid curve is obtained. This curve appears to be the 
integrated form of a normal distribution curve, which perhaps indicates 
the distribution of resistance among the individual spores used. 

8. The neutral salts of pentathionic acid were found to be nontoxic to 
conidia of Sclerotinia americana, except when treated with sodium 
hydroxide, which destroys the pentathionic and forms colloidal sulphur. 

9. It has been found that most samples of sulphur give water extracts 
that respond to qualitative tests for pentathionic acid, but these extracts 
were not toxic under the conditions of experiment. 

10. The particle size of sulphur dusts is an important factor in their 
toxicity and must be considered in comparing one preparation with an¬ 
other. The toxicity increases with the fineness of subdivision. 

11. Jk commercial 300-mesh dusting sulphur, treated with sodium 
hydroxide to remove pentathionic and fldphuric acids, did not differ in 
toxicity from the same preparation before treatment. 

12. It is therefore concluded that pentathionic acid is not a factor of 
importance on the fungicidal action of sulphur. 

Boyce Thompson frsrmjn we Plant Research, Inc., 

Yonkers, NewNtobk. 
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EFFECT ON PLANTS OF CYANIDE FUMIGATION FOLLOWING 
SPRAYING WITH BORDEAUX MIXTURE 

O. Butler and R. R. Jenkins 


Woglum 1 has on several occasions called attention to the danger of 
cyaniding citrus trees sprayed with Bordeaux mixture. The lower branches 
of the trees are sometimes sprayed with Bordeaux mixture and the fungi¬ 
cide in paste form is also applied to the trunk and branches. When the 
mixture is applied to the trunk the trees can be fumigated immediately 
without injury, but if it is applied to the branches, also, or to the branches 
only, or the tree has been sprayed, then fumigation can not safely be given 
until six months have elapsed. Injury has been observed even when fumi¬ 
gation was delayed eleven months. Woglum suggests that the injury pro¬ 
duced by cyanide fumigation following an application of Bordeaux mixture 
is due to the formation of a copper cyanide. 

Guba* has found that cucumber and tomato plants sprayed with Pvrox 
or Bordeaux mixture or dusted with copper-lime dust and then subjected 
to cyanide fumigation are injured. He ascribes the injury to the formation 
of cupric cyanide, an unstable salt decomposing with liberation of cyanogen 
to form cuprous cyanide, and concludes that plants exposed to hydrocyanic- 
acid gas should never be sprayed antecedently with a copper fungicide. 

The Bordeaux mixture used in citrus spraying is alkaline; the mixtures 
and copper-lime dust employed by Guba are alkaline. It has seemed to us 
desirable, therefore, to study the effect of the ratio copper sulphate to quick 
lime, used in preparing a Bordeaux mixture, on the injuriousness of cyanide 
fumigation, and to subject to experimental verification the suggestion of 
Guba that hydrocvanic-acid gas combines with the copper to form unstable 
cupric cyanide. We shall here present successively: (1) The effect of 
ratio copper sulphate to quick lime on toxicity of hydrocyanic-acid gas; 
(2) the effect of wetting foliage after cyanide fumigation; and (3) the 
chemical changes involved when Bordeaux mixtures of various types react 
with hydrocyanic-acid gas. 

I 

In our experiments we used sodium cyanide at the rate of 0.20 oz. per 
1000 cubic feet, the hvdrocyanic-acid gas being generated by mixing the 

* Woglum, R. S. Fumigation of citrus trees. l\ S. Dept. Agr. Farmers 9 Bui. 923. 

1918. Fumigation of citrus plants with hydrocyanic acid: Conditions influencing injury. 
U. 8. Dept. Agr. Bui. 907. 1920. Fumigation of citrus trees for control of insect pests. 

U. 8. Dept. Agr. Farmers ’ Bui. 1321. 1923. 

* Guba, E. F. Injury to glass-house plants from hydrocyanic acid gas following the 

application of copper fungicides. Phytopath. 16: 633-634. 1926. 
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sodium cyanide, concentrated sulphuric acid, and water in the following 
proportions: 

Sodium cyanide, 2 parts; sulphuric acid cone. C. P., 1£ parts; water, 
2 parts. 

The plants were cyanided for approximately 12 hours, i.e., from one 
hour after sundown to daybreak and at a mean temperature of approxi¬ 
mately 18° C. The plants in each series of an experiment were sprayed 
in triplicate and arranged on the benches in sequence so as to obtain as 
nearly as possible equal exposure to the hydrocyanic-acid gas. The sprays 
were applied the same day the plants were cyanided but sufficiently early 
to assure the foliage being dry before sundown. The Bordeaux mixtures 
contained 1 per cent copper sulphate and were prepared in the following 
ratios of cupric sulphate to calcic oxide 1: 0.2. 1:0.3. 1:1. 1:2, 1:4, and 
1: 6. The mixture prepared in the ratio 1:0.2 was made with limewater 
and the requisite strength in copper sulphate obtained by allowing the mix¬ 
ture to settle and decanting. The other mixtures were made with milk of 
lime of the required strength. Besides the Bordeaux mixtures, milk of lime 
containing 1 per cent of calcic oxide was used. 

The results obtained are summarized in table 1. 

The data presented in the table show unmistakably that the amount of 
lime present in the Bordeaux mixture determines to a very marked degree 
the resultant injury. As the ratio of copper sulphate to quick lime is raised 
injury increases and then decreases for all the plants employed in the ex¬ 
periment. The data show that a 1:1 mixture, which is the one most fre¬ 
quently used in the United States, is, in general, the most injurious. In 
the case of the potato, however, in two out of the three experiments 
performed the 1: 2 mixture proved more injurious. In the case of the bean 
the mixtures of the two ratios were equally injurious once; in the case of 
the tomato the 1:2 mixture was more injurious in one fifth of the experi¬ 
ments; but, for the other plants, the 1: 2 mixture was never more injurious 
than the 1: 1 mixture. Attention should be drawn also to the fact that 
the change in relative position of plants sprayed with Bordeaux mixture 
1: 1 occurs only in those instances where the injury produced by each type 
of mixture approximates rather closely that of the other as a glance at the 
data presented in table 2 will show, but has nothing to do with the sensi¬ 
tivity of the plant, since the castor bean, the most resistant of those em¬ 
ployed, shows in round numbers twice the injury when a 1:1 mixture is 
used than it does when a 1:2 mixture is applied, and the cucumber, ex¬ 
tremely sensitive to cyanide-fumigation following spraying, exhibits a like 
effect. To consider further the data presented in table 1, it will be noted 
that plants sprayed with neutral Bordeaux mixture and the mixture highest 
in lime suffer little injury when cyanided, the former being somewhat more 
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TABLE 2 .—Relative injuriovsness of cyanide fumigation to plants sprayed with Bor¬ 
deaux mixtures containing copper sulphate and quick lime in the 
ratios of 1:1 and 1: t , respectively 


Subjected plant 

No. times 1: 2 
mixture proved 
more injurious 
than 1: 1 mixture 

Relative percent 
cause 

1: 1 mixture 

age of injury 
>d by 

1: 2 mixture 

Sunflower . 

0 

100 

58 

Bean . 1 

i 

100 

77 

Cucumber. 

0 

100 

47 

Tomato . 

4 

100 

84 

Castor-oil plant. 

0 

100 

54 

Potato . 

; 4 

100 

85 


injurious. Plants sprayed with milk of lime show no more injury follow¬ 
ing cyanide fumigation than do the nonsprayed plants. Lime, in and of 
itself, therefore, is not injurious. 



Fio. 1. Basil plants sprayed with 1 per cent Bordeaux mixture 1: 1, afternoon of 
May 17 , Jlmd eyanided from sunset the eame day to sunrise May 18. During the late 
afternoon of May 18 the foliage of the plantfon the right of the figure was sprayed 
with diatiQed water and placed in a moist chamber over night. Photographed May 20. 
The apical leaves of the plant on the left are badly scorched and one cotyledonary leaf 
shows peripheral scoachisg. The plant on the right shows more serious injury, both 
cotyledanaty* leaves ass badly scorched and curled, and the apical leaves are also seri¬ 
ously injured? Wettingtte foliage has noticeably increased the injury due to cyanide 
fumigation. 
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It will also be observed that neutral Bordeaux mixture causes but little 
more injury than milk of lime. We may conclude, therefore, that since 
the copper precipitate in a neutral mixture has the same composition as 
the precipitate in freshly made alkaline washes, basic-copper sulphate, in 
and of itself, is not injurious. To produce injury an excess of calcium 
hydrate is required. But, in the case of the alkaline Bordeaux mixtures 
employed by the \mters, the mother liquors give identical reactions; 
hence, it may be further concluded that the presence of insoluble calcium 
hydroxide in definite proportion to copper sulphate determines the degree 
of injury following cyanide fumigation. 

II 

The effect of cyanide fumigation following spraying with the Bordeaux 
mixtures described in the previous section is materially modified by the 
after treatment given the plants. When the foliage of sprayed and cyanided 
plants is wetted with water a day or so after the exposure to hydrocyanic- 
acid gas and is kept moist over night, the injury originally produced by 
1:0.2, 1:0.5, and 1: 1 mixtures is not markedly changed, but the 1:4 and 
1: 6 mixtures show extreme toxicity. In figures 1 to 6 is shown the effect 



Fiq. 2. Bean plant* sprayed with 1 per cent Bordeaux mixture 1: 6 but otherwise given 
same treatment at those illustrated in figure 1. The plant shown on the left is 
uninjured; the one on the right, the foliage of which was wetted, is dead. 


produced by wetting the foliage of bean and cucumber plants previously 
sprayed with Bordeaux mixture 1:1 and 1:4 or 1:6, and cyanided. 
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Fig. 3. Cucumber plants sprayed with 1 per rent Bordeaux mixture 1:1 and eyanided. 

The younger leaves are scorched. Compare with figure 4. 

In table 3 are presented the data obtained in an experiment designed to 
show the effect produced by wetting the foliage of sprayed and eyanided 
plants. On the late afternoon of the day following cyanide fumigation, 
the plants were divided into two sets. In one of the sets the foliage of the 
plants was allowed to remain dry; in the other, it was wetted and kept 
moist over night. 

The data presented show deafly that Bordeaux mixtures high in lime can 
not be applied to plants subject to a Cyanide-fumigation regime unless 
means arejwrovided to keep the foliage dry at all times. Bordeaux mixtures 
prqMj|9lg|'with copper sulphate-quick lime ratios of 1:4 and 1:6, and which 
are so JR$|obou 8 when wetted following cyanide fumigation, presumably 
retain their* toxic properties indefinitely. On the other hand, a neutral 
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TABLE 3 .—Effect of composition of Bordeaux mixture on the injury produced by wet¬ 
ting with water following cyanide fumigation 




Injury to plants sprayed before cyaniding with 

Subjected 

Treatment 

Bordeaux mixtures in the following ratios: 

plant 

of foliage 

1: 0.2 

1: 1 

1: 4 

1: 6 

Cucumber 

not wetted 

none 

marked 

none 

none 


wetted 

slight 

marked 

very bad 

very bad 

Bean 

not wetted 

v. slight 

bad 

none 

none 


wetted 

slight 

bad 

very bad 

very bad 

Buckwheat 

not wetted 

none 

none 

none 

none 


wetted 

none 

v. slight 

\ ery bad 

very bad 

Sunflower 

not wetted 

none 

marked 

none 

none 


wetted 

v. slight 

marked 

very bad 

very bad 


Bordeaux mixture may be used with safety and, judging from an experi¬ 
ment made with tomatoes, we presume that, in practice, Bordeaux mixtures 
in which the copper sulphate-quick lime ratio was 1: J could be safely 
employed. 

Ill 

When hydrocyanic acid gas is passed into a Bordeaux mixture the na¬ 
ture of the resultant precipitate depends on the ratio of cupric sulphate 
to calcic oxide in the mixture. The color of the basic copper sulphate is 
rapidly discharged and the changes indicated in table 4 are obtained. 

TABLE 4 .—Effect of composition of Bordeaux mtxturc on the reaction with 
hydrocyanic acid gas 


Ratio of 

' Color of solution and of precipitate 

0uSO 4 5H 2 O toCaO 

I At beginning 

A fter 24 hours 

1: 0.2 

| solution, colorless 

solution, colorless 


precipitate, yellowish green 

precipitate, white 

1: 0.5 

solution, pink 

solution, slightly yellow 


precipitate, white 

precipitate, dirty white 

1: 1 

solution, light brown 

solution, dark brown 


precipitate, brownish green 

precipitate, yellowish brown 

1: 2 

solution, brown 

solution, dark brown 


1 precipitate, yellowish brown 

precipitate, reddish brown 

1: 4 

solution, light yellow 

solution, light brown 


precipitate, white 

precipitate, yellowish brown 

1: 6 

! solution, colories 

solution, colorless 


1 precipitate, white 

precipitate, white 


It will be noted that those Bordeaux mixtures which are more especially 
toxic to plants following cyanide fumigation are those in which the re¬ 
sultant precipitate is a shade of brown; while for those that are not toxic, 
t.e., mixtures in which the ratio of copper sulphate to quick lime is 1:0.2 
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and 1; 6, respectively, it is white. The brown precipitates, washed in sev¬ 
eral changes of distilled water and spread on glass plates, give off cyanogen; 



Fig. 4. Cucumber plants sprayed with 1 per cent Bordeaux mixture 1: 4 and ryamded. 
Compare with plants shown in figure 3. 


the white precipitate, washed and spread on glass plates, do not. The 
brown precipitates possess the properties of cupric cyanide. The white 
precipitates have the property of cuprous cyanide in the case of the 1:0.2 
mixture, but, in the 1:6 mixture, we believe a double cyanide of copper 
and lime is formed, for the precipitate washed with water gives an alkaline 
solution containing all the copper and an abundance of lime in solution. 
It remains no# to show that the Bordeaux fixtures that are toxic following 
cyanide fumigation actually combine with hydrocyanic-acid gas and gradu¬ 
ally decompose with .formation of cyanogen. This may easily be done in 
the following manner: $he mixtures are sprayed on glass slides, dried, and 
exposed in t&e greenhouse to the cyanide fumigation given plants, i.e., in 
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FlO. 5. Cucumber plants sprayed with 1 per cent Bordeaux mixture 1: 1 and cya- 
nided. On the afternoon of the day following fumigation the foliage of the plant on 
the right was wetted w-ith distilled water and the plant placed in a moist chamber over 
night. The photograph was taken 24 hours later. Wetting the foliage has intensified 
the injury produced. Compare with figure 6. 

our experiments, 0.20 oz. of sodium cyanide per 1000 cubic feet, and 12 
hours exposure. The slides after cyaniding are allowed to air for a while 
and are then placed in petri dishes with a drop of water. Slips of filter 
paper are cut to the size of the glass slides, dipped in an alkaline picrate 
solution, 3 drained, laid on clean slides, and supported over the sprayed 
slides with a clearance of 2 nun. The petri dishes were then covered and 
allowed to stand 24 hours. After the paper was exposed for the length of 
time described it was rapidly dried and the colors matched to Ridgway's 
Standards. 4 

When a soluble cyanide is added to an alkaline picrate solution a salt of 
isopurpuric acid is formed which gives the solution a reddish brown color. 
In the presence of cyanogen the test paper gradually changed from pure 
yellow to shades of orange as the amount of cyanogen given off increased. 
In the absence of cyanogen the color of the paper was strontian yellow in 
the presence of increasing amounts of cyanogen the colors noted were, in 
order, wax yellow, primuline yellow, yellow ocher, ochraceous buff, and 
ochraceous orange. 

5 The solution was prepared according to the formula of R. G. Smith. A method 
for the quantitative determination of cyanide in small amounts. Jour. Amer. Chem. 
Soc. 51: 1171-1174, 1929. 

4 Bidgway, R. Color standards and color nomenclature. Washington, 1912. 
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TABLE Z^JSpect of composition of Bordeaux mixture on the discharge of -cyanogen 
following fumigation with hydrocyanic acid go* 


. * 

ltivftlTA 

Color of alkaline pierate after an exposure of 


. ._j 

6 hours 

12 hours 

24 hours 

Bordeaux 1: 0.2 i 

strontian 

strontian 

1 strontian 


i 

yellow 

yellow 

1 yellow 

do 

1:0.5 [ 

' i $g ntian 

strontian 

primuline 



yellow 

yellow 

yellow 

do 

1: i • j 

yellow 

yellow 

yellow 



ochef 

ocher 

ocher 

do 

1:2 

wib: 

primuline 

ochraceous 


i 

yellow 

yellow 

orange 

do 

1: 4 

strontian 

strontian 

ochraceous 



yellow 

yellow 

buff 

do 

1: 6 

strontian 

strontian 

strontian 



yellow 

yellow 

yellow 

Calcium hydrate 1°/ CaO 

strontian 

strontian 

strontian 



- yellow , 

yellow 

yellow 

Witness 


strontian , 

strontian 

strontian 



yellow 

yellow 

yellow 


The results of one of the experiments are presented in table 5 and show 
conclusively that Bordeaux mixture made with a 1:1 ratio of copper sul¬ 
phate to quick lime gives off cyanogen in largest amount and most rapidly. 
In the case of the 1:2 mixture the evolution of cyanogen is much slower 
than in the 1:1 mixture; in fact, after the lapse of 24 hours, a 1:2 Bor¬ 
deaux mixture has given off only as much cyanogen asa 1:1 mixture in 6 
hours. Bordeaux mixtures in which the ratio of copper sulphate to quick 
lime is 1:4 and 1:0.5, respectively, evolve C3*anogen very slowly; but 
neither a 1:0.2 nor a 1:6 mixture, or milk of lime, gives off detectable 
amounts. Now, since calcium cyanide decomposes in moist air, it is clear 
that this salt does not form. It is also evident that cupric cyanide does not 
form in either a 1: 0.2 or 1: 6 Bordeaux mixture. We have already shown 
that a 1:0.2 Bordeaux mixture is not toxic following cyanide fumigation 
when the foliage is wetted and does not therefore contain a soluble cyanide. 
On the other hand, Bordeaux mixture in which the ratios of copper sul¬ 
phate to quick lime are 1:1, 1:2, 1:4, and 1: 6 contains soluble cyanide in 
increasing amounts, and when the foliage of plants sprayed with these 
mixtures and fumigated is wetted the washes highest in lime cause death; 
the others result in increased injury. (Figs. 1, 2, 5, 6.) 

SUMMARY 

1. The format ion Of cuprie cyanide in a Bordeaux mixture exposed to 
cyanide fumigation jJtdUtermioed by the ratio of copper sulphate to quick 
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Fig. 6. Cucumber plant* sprayed with ] per cent Bordeaux mixture 1: 6 and eva- 
nided. On the afternoon of the day following fumigation the foliage of the plant on 
the right was wetted with distilled water aud the plant placed in a moist chamber with 
the plant similarly treated and shown in figure 5. The photograph was taken 24 hours 
later. The plant on the left, the foliage of which was kept dry following fumigation, 
is uninjured; the plant on the right, the foliage of which was wetted, is dead. Com¬ 
pare with figure 5. 

lime used in making the mixture. Cupric cyanide does not form when the 
ratio employed is 1:0.2 and in negligible amounts only when the ratio is 
1: 4, or higher. 

2. In a 1:0.2 mixture insoluble cuprous cyanide is formed; in a 1:6 
mixture a soluble double cyanide. In mixtures of ratios greater than 1:1 
but less than 1: 6 the amount of cupric cyanide formed decreases with in¬ 
crease in calcium hydrate, and the double cyanide becomes more abundant. 

3. A Bordeaux mixture, forming with hydrocyanic acid gas a double 
cyanide, in injurious if the sprayed and evanided plants are wetted. 

4. A neutral Bordeaux mixture, or an approximately neutral mixture, 
is the only type to be recommended when the sprayed plants are to be sub¬ 
jected to cyanide fumigation. It should then be used only on plants that 
are no more sensitive to soluble copper than is the tomato. 

New Hampshire Agricultural Experiment Station, 

Durham, New Hampshire 










THE RELATION OF PROTOCATECHUIC ACID TO DISEASE 
RESISTANCE IN THE ONION 1 

H. R. Angell, J. C. Walker, and Karl Paul Link 
INTRODUCTION 

Relatively greater resistance to certain diseases has long been known in 
those varieties of onion in which red or yellow pigment is produced in the 
bulb scales as they approach maturity. It is especially noticeable in the 
case of smudge, caused by Colletotrichum circinans (Berk.) Vogl., and 
neck rots caused by Botrytis spp. The nature of this resistance was first 
studied by Walker (5, 6;. It was found that in the case of the colored 
onions a water-soluble toxic substance (or substances) occurred in the dry 
outer scales of the bulbs. In this toxic solution the growth of the smudge 
organism was checked, the tips of young germ tubes commonly ruptured, 
or the spores were killed without germinating. It was thus interpreted 
that during periods when moisture was present upon the bulbs and when 
infection by the smudge organism ordinarily occurred the toxic substance 
(or substances; present in the tissue diffused into the water and precluded 
further advance by the fungus, if it were present. No such toxic effects 
were found in the dry outer wales of white bulbs, which were very suc- 
ceptible to smudge. 

Further studies (8, f>) showed that the extracts of outer colored onion 
scales were toxic not only to the smudge and neck-rot organisms but also 
to several other fungi tested, some of which were pathogenes of the onion 
and others were not. Aspergillus nitjer was the only organism tested the 
growth or germination of which was not greatly inhibited. Correlation of 
resistance with the production of red or yellow pigments was found only 
in the case of those organisms which normally penetrate the onion in such 
a way as to encounter the dry outer scales before entry. Thus, in the ease 
of Fusarium bulb rot, where the organism enters by way of the root scars 
or of the basal tissue of the bulb, no resistance was noted, even though 
the parasite was inhibited when exposed to the scale extract. 

It w r as further shown that the toxic substance is readily soluble only 
from the dry outer scales and that it functions as a resistant property of 
these scales only as it diffuses from them. The inner fleshy scales, even 
though colored, are readily attacked by the smudge fungus when the 

1 This study is the result of cooperative investigations between the Department of 
Plant Pathology, “University of Wisconsin, and the Office of Horticultural Crops and 
Diseases, Bureau of Plant Industry, The initial chemical investigations were performed 
by Angell. The final steps in the isolation and identification of the toxic compound were 
carried out by Link. 


431 



432 


Ph ytopatholog V 


[VOL. 20 


inoculum is applied directly to them. The reason for this is not known, 
but two possible explanations are offered. It may be readily demonstrated 
that as the fungus penetrates the cuticle of the fleshy scales the pigment 
which is confined to the epidermal cell rapidly disappears, apparently be¬ 
fore the hyphae have traversed the subcuticular wall to enter the cell lumen. 
May the toxic substance not also be destroyed with the pigment? Another 
possibility, still unsettled, is whether the pigment and the toxic substance 
are identical. If they are not the same, is the toxic substance absent from 
the fleshy scales, and does it appear only in the outer scales after they have 
dried? In any case, it is certain that the outer dry scales containing the 
readily diffusible toxic principle serve as a protective resistant barrier 
against the smudge organism, but in white onions the uncolored outer scales 
have no such property. This paper is a report upon the results of an in¬ 
vestigation which has led to the conclusion that a phenolic acid, known as 
protocatechuic acid, is one of the substances responsible for the resistant 
character of colored onion varieties. 

EXPERIMENTAL RESULTS 

Methods . Quantities of the dry outer scales of white, red, and yellow 
onions were secured from the bulbs after harvest. From such materials 
extractions were made by the use of various solvents. The various steps 
taken in the fractionation of the extracts are described in detail during 
the course of the paper. Standard color and precipitation tests for the 
identification of phenolic substances were used. Since these tests are fully 
discussed by Haas and Hill (1) it seems unnecessary to repeat their de¬ 
scription here. 

During the steps of the extractions the fractions were tested repeatedly 
for their toxicity to the spores of Colletotrichum eircindns . The rupturing 
of the tips of the germ tubes, characteristic toxic solutions, 

already described (6), was relied upon as an indicator as to whether the 
unknown toxic substance was being preserved during the course of the 
extraction. 

Preliminary steps . Preliminary qualitative tests made with cold-water 
extracts from dead outer scales of white, yellow, and red onions indicated 
the presence of soluble phenolic compounds in the solutions from colored 
scales and their absence from those from white scales. Perkin and Hummel 
(4) had previously shown the presence of free quercetin, a phenolic com¬ 
pound, in colored scales of onion, but, since this substance is quite insoluble 
in cold water, it could not be the cause of the positive reaction for phenols 
nor could it be responsible for the toxicity of such solutions. The latter 
statement Ik further substantiated by the fact that crystals of quercetin, 
prepared from cok>r^flS onion* when added to a suspension of spores of C. 
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circinans had no effect upon germination and growth. As pointed out in 
a previous paper (2), the possibilities of a soluble glucoside of quercetin 
and of a tannin glucoside also were excluded. The next problem, there¬ 
fore, was to separate, if possible, the toxic compound or compounds from 
impurities and at the same time retain their original chemical structure 
and toxic character. 

After preliminary tests of the efficacy of ether, 95 per cent alcohol, ethyl 
acetate, and acetone for the removal of the toxic substance by continuous 
extraction, the last-named solvent was selected as being the most suitable. 
Yellow scales were dried at 80° C., finely ground, and continuously ex¬ 
tracted with acetone for 14 hours. The extract contained the toxic sub¬ 
stance together with quercetin, traces of glucose, fat-like substances, and 
a reddish brown pigment of an unknown nature. In order to get rid of 
the quercetin, the acetone was evaporated, and water, in which quercetin 
is insoluble, was added to the dry residue. The toxic substance and the 
water-soluble impurities went into solution, which upon filtering, gave 
the typical qualitative reaction of the ordinary aqueous extract of the 
scales. When tested against spores of C. circinans, it completely prevented 
germination in dilutions of 1 to 8 and 1 to 12. At 1 to 16 an occasional 
spore started to germinate but the growing tips ruptured, while the latter 
reaction was more general* at 1 to 20 and very abundant at 1 to 30. No 
normal germination occurred except at 1 to 30 when an occasional short 
germ tube was noted. This procedure was repeated several times with 
similar results. 

This crude aqueous solution was next concentrated to a thick sirup 
under reduced pressure at temperatures below 40° C. The concentrate 
was treated with a mixture consisting of about 20 times its volume of 
alcohol and 40 times its volume of ether and allowed to stand for some 
hours. The reddish brown precipitate was filtered, dried, and brought 
into solution in water. It gave only a very faint reaction with ferric 
chloride and, when tested against spores of the smddge organism, it pre¬ 
vented germination at a dilution of 1 to 2 but had no inhibitive effect at 1 
to 5. It was obvious that only a trace of the toxic substance was present 
in the precipitate. 

The alcohol-ether solution was evaporated, and a portion of the residue, 
which was of a light-orange color, was taken up in water. It gave a strong 
ferric-chloride reaction. When tested with spores of C. circinans it en¬ 
tirely prevented germination at dilutions up to 1 to 120. At dilution 1 to 
240 and 1 to 480 a large percentage of the spores had ruptured germ tubes 
and no normal germ tubes were present. At 1 to 960 a small percentage of 
the spores formed germ tubes but growth was distinctly retarded and an 
occasional tube ruptured. At 1 to 1920 a high percentage of the spores 
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germinated and normal growth ensued without any evidence of inhibitive 
effect. 

In another experiment the residue from an acetone extract was dried 
and then taken up in water and filtered. The aqueous solution was shaken 
with ethyl acetate until separation was as complete as practicable. The 
ethyl acetate was evaporated, and part of the almost colorless residue was 
dissolved in water. It gave a very strong ferric-chloride reaction when 
tested against spores of the smudge organism. The solution was toxic in 
dilutions up to 1 to 3300 in which rupturing of the germ tubes was common 
but no normal germ tubes were noted. At lower dilutions no germination 
whatsoever occurred. At 1 to 6600 there was a high percentage of normal 
germ tubes and an occasional ruptured one. 

Extracted scales not toxic. After the acetone extraction, samples of the 
extracted scales were dried and tested for toxicity. Suspensions of spores 
of C. circinans in drops of water Mere added to suitable amounts of the 
scales on glass slides, which Mere then placed in moist chambers and left 
for 24 hours. Checks with ground unextracted scales were also made. 
After 24 hours the spores in the drop of water around the extracted scales 
had all germinated and produced normal germ tubes, whereas rupturing 
of germ tubes was general among those spores in the solution containing 
the unextracted scales. 

This showed that all of the toxic material Mas removed and carried into 
the acetone solvent. 

Isolation of and toxicity tests with protocatechnic and . In the experi¬ 
ments thus far reported it was show r n that the toxic principle Mas com¬ 
pletely removed from colored scales by extraction of the latter with acetone 
and that it could be separated from a large proportion of the nontoxic 
impurities by the use of neutral solvents at temperatures not exceeding the 
boiling point of acetone (57° C.). Attempts Mere next made to obtain the 
toxic principle in larger quantity. A somewhat modified method of ex¬ 
traction was followed, in which the initial extraction was made in Mater 
instead of in acetone. Three bags of yellow-onion scales weighing about 
five pounds each were steeped overnight in sufficient water to cover them. 
The colored aqueous extract was treated first with neutral and then with 
basic lead acetate until no more precipitate was obtained. The latter was 
filtered off, suspended in water, and decomposed with 2.5 per cent sulphuric 
acid. The solution was then shaken with ether, the ether solution was 
separated, and the solvent was evaporated. The residue contained a mix¬ 
ture of isolated crystals and an amorphous pigmented substance, which, 
when dissolved in water gave a strong ferric-chloride test. The solution 
k was loxic up to a dilution of one part of the dried residue in 1900 parts of 
water, in which a laiwe pe^pentage of the spores showed ruptured germ 
tubes after 24 hours. ~ 
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Another lot of scales was then treated in a similar manner and an effort 
made to obtain the crystals in pure form. The details of their purification 
and identification as protocatechuic acid (3, 4-dihydroxybenzoic acid, 
C t H 6 0 4 ) are reported elsewhere (2, 3). When the pure acid was finally 
obtained it was dissolved in water and tested against spores of C. circinans 
in a number of dilutions. At 1 to 100, 1 to 200, 1 to 400, and 1 to 800 it 
prevented germination of the spores. At 1 to 1600 a high percentage of 
the spores germinated but practically all of the germ tubes ruptured. At 
1 to 3200 the percentage of normal germ tubes was greater but still many 
of the germ tubes ruptured. Only at a dilution of 1 to 6400 were satisfac¬ 
tory germination and growth obtained. 

In the results'thus far reported, yellow-onion scales were used as the 
source of the toxic substance, protocatechuic acid. Since red varieties of 
onion are equally resistant to smudge, the procedure was repeated, starting 
with dry outer scales from bulbs of this color. Prom these were secured 
crystals of the acid identical with those of the yellow scales in composition 
and toxicity. All attempts to isolate the acid from white scales failed. 

DISCUSSION 

Wide variations in resistance and susceptibility to certain diseases has 
been commonly noted among varieties, strains, or individuals of many 
species of plants. In the cultivated species much of economic value has 
been and is being brought forth in the way of plant improvement through 
the discovery of resistant strains or through the perfection of new strains 
by means of selection and hybridization. The study of the nature of these 
difference}- in resistance has offered a peculiar challenge to plant scientists 
not only because of its purely scientific interest but also because of the 
obvious value of the results of such study as a basis of further plant im¬ 
provement. 

It is by no means implied that a common explanation may be expected 
for all cases of resistance in plants. Much evidence has already been ac¬ 
cumulated to show a variety of reactions between resistant hosts and their 
would-be parasites. Since much of the literature pertaining to this ques¬ 
tion has been summarized elsewhere (7), it will not be discussed in detail 
here. In many of the cases studied one is led to suspect that the funda¬ 
mental fact underlying resistance may be the presence of a substance or a 
group of substances in the cells of the resistant host which are toxic to the 
invading parasite, while in the cells of plants in a susceptible but otherwise 
quite similar variety these toxins are absent or so limited in quantity as to 
be ineffective. Such toxic substances, though present, are not usually 
readily isolated in their natural form, and the difficulties involved in the 
biochemical studies of these questions quite naturally hinder progress. 
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In the case of onion resistance herein described the writers were im¬ 
pressed with certain facts which seemed to offer an unusually attractive 
line of approach to this general problem. In the first place, the toxic 
substance or substances readily diffused from the dry outer scales into cold 
water. Secondly, they caused upon the germinating spores of the parasite 
a peculiarly characteristic effect which might be used as a basis of identi¬ 
fying them if they should be secured in pure form. As already shown, 
these two advantages greatly facilitated the work. The fact that proto- 
catechuic acid could be extracted through the use of neutral solvents at 
room temperatures (20° to 30® C.) is a strong indication that it exists as 
such in the plant. That the toxic substance was practically unaltered 
during the process is shown by the fact that when the crude extract was 
tested during successive steps of its purification it continued to give the 
same chemical reactions and to cause the characteristic rupturing of the 
germ tubes of C. circinans. There seems, therefore, little doubt that proto- 
catechuic acid, which is absent in white onions and present in the scales of 
colored onions, is one of the principal causes of disease resistance noted in 
varieties of the latter type. 

This should not be interpreted, however, as implying that protocatechuic 
acid is the sole cause of resistance. As already stated (2), the yield of this 
substance by the present method is not sufficient to account for all the 
toxicity of the crude extract. It is reasonable to suppose that some may 
have been lost during extraction and purification. On the other hand, the 
possible presence of other closely related compounds which may contribute 
a share of the resistance is not to be overlooked. These are questions still 
under investigation. 

The close association of this phenolic acid (protocatechuic acid) with 
the pigment quercetin, one of the pigments of the onion, should be em¬ 
phasized here. Protocatechuic acid is not a pigment. It is, however, a 
constituent of various flavone and anthocyan pigments. Quercetin, the 
1:3:3-tetrahydroflavonol, is composed of oxalic acid, phloroglucinol, and 
protocatechuic acid and upon alkaline fusion breaks up into these three 
components. The chemical stability of quercetin is of such an order that 
under the conditions in which the protocatechuic acid was isolated the latter 
could not have arisen by decomposition of the quercetin. In the pigmented 
onion protocatechuic acid is apparently an accompanying substance of the 
pigment quercetin. In the three other cases (t) it has been shown that the 
pigment quercetin is accompanied by the phenolic acid (protocatechuic 
acid). 

With regird to the bearing upon the general problem of disease re¬ 
sistance, these results may hate smut significance. So far as the writers 
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are aware, this is the first instance where resistance to or immunity from 
disease in plants or animals has been definitely shown due to a specific 
chemical compound produced by the host, although the existence of such 
toxic substances has often been suspected as the cause of such phenomena. 
Generalization on the basis of an isolated case is unjustifiable, and it has 
already been emphasized here and elsewhere that even in this instance the 
accessibility of the toxic substance at the critical point where invasion of 
the parasite may occur is quite as important as the presence of the sub¬ 
stance. On the other hand, it is not without significance that this specific 
substance has been found in species of plants widely removed from 
the onion. Further search may reveal a more general occurrence, since 
the class of chemical substance to which it belongs is widely distributed in 
the plant kingdom. 


SUMMARY 

This paper is a report of a study of the chemical nature of the disease- 
resistant principle previously noted in colored varieties of onion and not 
found in white ones. 

Preliminary qualitative tests showed the presence of phenolic com¬ 
pounds in toxic water extracts from dry outer colored scales, while none 
were found in the water extracts from white scales. 

One of the toxic compounds was isolated in crystalline form from the 
crude w ater extract of dry outer colored scales and identified as the phenolic 
acid commonly known as protocateciiuic acid. This exists in the colored 
outer scales in the free state, is readily soluble in water, and in dilutions 
up to about 1-3000 produces the same type of toxic effect upon spores of 
the smudge orgauisms as does the crude water extract. It is not present in 
the white scales. This substance is considered to be one of the compounds 
responsible for disease resistance in colored onions. 
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DRY ROT OP CORN CAUSED BY DIPLODIA MACROSPORA EARLE 

A . H. Eddins 


INTRODUCTION 

One of the common diseases of corn in Florida is caused by the fungus 
Diplodia macrospora Earle (5). This organism was first reported on old 
weathered cornstalks at Auburn, Alabama, in the spring of 1896 (4). In 
1908 Stevens and Hall (8) found that it caused an ear mold of corn in 
North Carolina. Since only brief notes constitute the published accounts 
of the disease and the fungus, the studies herein reported were undertaken 
to obtain further information concerning the importance and symptoms of 
the disease, and morphology, taxonomy, physiology, pathogenicity, and 
survival of the causal organism. 

DISTRIBUTION AND IMPORTANCE 

Dry rots of corn caused by D. macrospora , D. zeae (Schw.) Lev. (1, 3, 
7). and D. frumenti Ell. and Ev. (6) are well distributed in the different 
corn-growing localities of Florida. However, they differ from each other in 
frequency of occurrence and destructiveness. 

A microscopic examination of the spores borne in pyenidia on 618 stalks 
showed that 496 stalks were infected with I>. zeae, 102 with D. macrospora , 
and 20 with D. frumenti. Occasionally stalks were found with pyenidia 
of two species of Diplodia on them and in a few eases the three species oc¬ 
curred on the same stalk. Furthermore, observations made during the 
seasons of 1928 and 1929 in Florida show that D. zeae ranks first, D. macro¬ 
spora second, and D. frumenti third in causing destructive ear rots of corn. 

SYMPTOMS 

Stevens and HalUs (8) description of the disease caused by D. macro¬ 
spora is brief and inadequate. In Florida, this fungus attacks the ears, 
husks, ear shanks, stalks, leaves, and roots of corn plants. The symptoms 
of the disease on these plants are as follows: 

Ears, husks, and shank: Badly diseased ears are shrunken and shriveled 
and tightly clasped by the husks. On such ears the white mycelium of the 
fungus is visible on the kernels and between the kernel rows (Fig. 1). Usu¬ 
ally the inner husks also are covered with the white mold. The kernels are 
lusterless in appearance and often gray, though seldom black. Pyenidia 
may occur on the sides and tips of kernels and on the husks. In many cases 
only one end of an ear is diseased, the butt end being most often involved. 
The mycelium of the fungus may or may not be visible on the kernels of 
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ears that are not severely diseased. On some ears the white mold can be 
seen only on the tips of kernels. On others the disease is detected only 
when the fungous mycelium grows out of the kernels in the germinator. 

The disease on the shank is recognized by the presence of pycnidia on 
its surface. In some cases the mycelium may be seen growing on the sur¬ 
face of th$ shank if sufficient moisture has been retained in the crevice 
formed by the enclosing ear sheath 



' ■ *• 


Flo. 1. Iter rotted by Diplodia nacroqpora (right) and a normal ear (left). 

Leave* and stalk*: Diplodia macrespora attacks the leaf sheaths and 
occasionally the leaf blades. Infected areas on these parts appear water-^ 
Soaked to yellowish .£t first and later become brown, when the tissue 
is killed tpr the tmgm, The disease may appear on any part of the blade 
•and sheath’ although jthe lajter is most often infected at the base. The 
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lesions on the blade are irregular elongate in shape and may coalesce and 
form dead spots two inches in length and a half inch in width. The spots 
usually bear a few scattered pycnidia of the organism (Fig. 2, A). 



Fio. 2. A Corn leaf showing pycnidia of Dtplodut macrospora on diseased areas. 
B. Old corn stalk showing pycnidia of /). macrospora on the internode and node. 

The fungus may attack the stalk at any node or internode, but the lower 
part of the plant is most often involved. The occurrence of pycnidia of 
the organism on the surface of the stalk at nodes and internodes is shown 
in figure 2, B. Stalks that are severely rotted at the lower nodes are some¬ 
times blown down by the wind. 

Roots: The disease has not been observed on the roots of plants in the 
field. However, the roots of seedlings grown in inoculated soil in pots in 
the greenhouse were rotted by the fungus. The invaded root* turned brown, 
shrank, and died, and the plants were either stunted in growth or killed. 

CAUSAL ORGANISM 

Morphology: The pycnidia of Z>. macrospora occur scatteringly on the 
dead parts of the corn plant (4) and are embedded in stromatic masses of 
mycelium and in host tissue, becoming erumpent at maturity. They are 
carbonaceous and flask-shape and measure 150-450 p. 
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Immature pycnospores are granular and, when mature, are light brown, 
and frequently contain oil drops. They are borne on short hyaline 
conidiophores which arise from the inner cell wall tissue of the pycnidium 
and, at maturity, are discharged, under favorable conditions, through the 
elongated canal or ostiolum. The spores are cylindrical to club-shape and 
slightly curved to straight and consist of one, two, three, or four cells 
(Pig. 3, D), the two-cell type being the most common They measure 
43-95 x 6-13 p, mostly 60-75 x 8-10 p and average 67 8 x 9 0 p 



Fig. S. A, B, C. Photomicrographs of spores. x200. A. Jhptodia m acronpora 
B D . zeae. C. D frumentt. D Camera lucida drawings of spores of D. manoepora 
1-4, various types of spores, 5-9, various t%pes of spores germinating 


The spores germinate in water within 16 hours at 28° C. to 32° C . and 
each one of the cells of a spore may form a germ tube. The germ tubes and 
hyphae are at first hyaline and later become granular, septate, and branched. 
The growth of colonies of the organism on potato-dextrose agar and malt- 
extract agar is rapid, since only four days are required for a colony to 
become 9 cm. in diameter. The mycelium is dense and white. 

Taxonomy: Diplodta macrospora and D. zeae (3) produce the same type 
of disease symptoms on the plant. Kernels of ears visibly infected with 
Z>. frumentt are blackened and often covered with a dark brown to black 
mold, while kernels infected with D. zeae and D. macrospora are seldom 
blackened but have a lusterless appearance and are often dull gray. Pye- 
nidia of D frumentt appear in clumps on the stalk and break out through 
longitudinal cracks in the epidermis (6), while those of the other two 
species tfcsuafiy occur singly and rupture lie epidermis only at the point 
of their emergence. 

The three species can be distinguished from each other on the basis of 
certain morphological characters, which are given in table 1 and shown in 
figure 3, A, B, C. Diplodta frumentt differs from the other two species in 
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color of mycelium and in the shape, color, septation, and dimensions of the 
spores. The mycelium of D. macrospora is white, like that of Z>. zeae, and 
the spores of the two species have the same color and shape. The only out¬ 
standing difference between the two species is that the spores of D. macro¬ 
spora are from two to three times as long and about twice as wide as those 
of D. zeae . 

Growth on culture media: Diplodia macrospora grew well at room tem¬ 
perature on corn-meal, carrot, oatmeal, lactose, potato-dextrose, and malt- 
extract agars in petri plates inoculated with uniform bits of mycelium from 
pure culture. There was little mycelial growth on glycerine agar. At the 
end of thirty days, pycnidia were formed on all of the above media except 
lactose agar. The organism also grew well on sterilized corn, wheat, and 
oat kernels and formed pycnidia in abundance within 68 days from the date 
of inoculation. 

Relation of temperature to spore germination: Spores were germinated 
in water in drop cultures exposed to temperatures ranging from 5° C. to 
39° C. in electrically controlled chambers in which the temperatures did 
not vary more than plus or minus one degree. Observations made at the 
end of 24 hours showed that the optimum-temperature range for germina¬ 
tion was 25° C. to 32° C., as is show*n in figure 4, A. Spores exposed for 
6 days at 8° C. germinated 24 per cent, wdiile no germination occurred at 
5° C. during the same period, thus showing that the minimum temperature 
for germination lies between 5° C. and 8° C. The maximum wus not ascer¬ 
tained. 

Relation of temperature to mycelial growth: A series of plates of potato- 
dextrose agar were inoculated in the center with uniform bits of fungus 
mycelium and were incubated in triplicate for 4 days at different tempera¬ 
tures ranging from 5° C. to 39° C. The diameter of the colonies was 
measured at the end of 2 and 4 days and the average diameter of the three 
plates at each temperature is shown graphically in figure 4, B. The op¬ 
timum temperature for growth of D . macrospora lies between 25° C. and 
32° C. The maximum lies between 35° C. and 39° C., and the minimum 
between 5° C. and 8° C. ft is interesting to note that the cardinal tem¬ 
peratures for the growth of Z>. macrospora closely approached those of 
P. zeae, as determined by Durrell (3). 

Relation pf hydrogen-ion concentration to mycelial growth: A 3 per 
cent potato-dextrose agar was used as the medium to determine the effect 
of hydrogen-ion concentration upon the rate of growth of the fungus. 
Thirty test-tubes, each containing 15 cc. of the medium, were sterilized 
and adjusted to different hydrogen-ion concentrations ranging from pH 
. 4.0 IX? 8.5, by adding flf reqtured number of drop* of 2N, N/l, and N/3 
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Ph value or MEDIA 

Fig. 4. A. Graph showing relation of temperature to spore germination of Diplodia 
macrospora. B. Graphs showing relation of temperature to mycelial growth of D . macro * 
spora . C. Graphs showing relation of pH reaction of media to mycelial growth of D. 
macrospora. 
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HC1 and N/l NaOH. The amount of acid and alkali required for the dif¬ 
ferent concentrations was determined with the Youden Hydrogen-Ion Con¬ 
centration Apparatus. Petri plates were prepared in triplicate for each 
reaction, inoculated in the center with uniform bits of fungus mycelium, 
and exposed at a constant temperature of 30° C. for 4 days. The average 
diameter of the colonies of each reaction at the end of 2 and 4 days is 
shown graphically in figure 4, C. 

The results show that the pH reaction most favorable for growth lies 
between pH 3.7 and 5.9. No growth occurred at pH 2.0 and the organism 
grew slowly at pH 8.5. 

Pathogenicity . Ears: Diplodia macrospora proved to be parasitic on 
ears of corn artificially inoculated when in the soft-dough stage. In the 
season of 1928, 44 ears were inoculated by inserting a kernel of com on 
which a pure culture of the fungus was growing into a wound made in the 
husks and pressing it down in contact with the kernels (7). Forty-three of 
the 44 ears were severely rotted by D. macrospora , which formed pycnidia 
on the outer husks. Forty-eight ears inoculated by the same method in 
1929 also were severely rotted by the fungus. 

In another test, ears were inoculated by spraying a water suspension 
of spores on the exposed tips of ears and by hypodermically injecting this 
inoculum into the husks near the butt end (1, 7). Four of the 19 ears 
inoculated at the tip were infected and rotted by the fungus, and 7 of the 
19 ears into which the spores were injected were also severely rotted. These 
results indicate that, under natural conditions, D. macrospora may enter 
the ear through exposed tips and through wounds. In nature, ears are 
most commonly infected at the butt end, and wounds at this point are not 
essential for infection to occur, for the fungus can grow into the ear from 
primary infections in the ear shank and in the husks near the butt end. 
Thus, ears may become infected by D. macrospora in the same manner as 
they are infected by D. zeae, as described by Durrell (3). 

Seedling roots: Healthy com seedlings with roots an inch to two inches 
long were set out in sterilized white lake sand and in sand sterilized and 
inoculated with a pure culture of D . macrospora . At the end of two weeks 
the roots of the seedlings in inoculated sand were severely rotted by the 
fungus. The infected roots were shrunken and light brown and the tops 
of the plants were either wilted or dead. Plants grown in noninoculated 
sand had healthy roots and a normal (op growth. In this experiment the 
amount of inoculum was greatly in excess of what normally occurs in the* 
field, and the test Indicates the parasitic capabilities of the fungus and not 
its actual pathogenicity for seedling roots in the field (2, 3). 

Overwintering i Diplodia pacrospora survives the winter in Florida in 
old plant debris. Spoils collected from old stalks left in the field until May 
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germinated readily and produced ear infection. The organism also lives 
over as dormant mycelium in the kernels. Its longevity beyond one year 
has not been determined, but, like D . zeae (1, 3), it is probable that D. ma - 
crospora is capable of living several years on old plant refuse and in the soil. 

SUMMARY 

Diplodia macrospora causes a dry rot of the ears, husks, ear shanks, 
stalks, leaves, and seedling roots of corn in Florida. This disease can be 
distinguished from dry rot caused by D. frumenti on the basis of symptoms, 
but the symptoms of dry rot caused by D. zeae are similar to those caused 
by D. macrospora , and the diseases can be distinguished only by comparing 
the size of the spores of the two organisms from diseased parts of the corn 
plant. 

The chief morphological difference between D. macrospora and D. zeae 
lies in the size of the spores. Diplodia frumenti differs from these two 
species in color of mycelium and in color, shape, size, and septation of the 
spores. 

Diplodia macrospora grows well and forms pvenidia on standard culture 
media. 

The optimum temperature range for spore germination and mycelial 
growth of the organism is 25° 0. to 32° (\, and the minimum lies between 
:>° 0. and 8° C. Spores germinate at 39° (\, but there is no mycelial 
growth at this temperature. 

Diplodia macrospora grows best on potato-dextrose agar at pH 3.7 to 
5.9. The n inimum pH reaction lies between 2.0 and 3.3 and the maximum 
lies above pH 8.5. 

The organism enters the ears through exposed tips and wounds and 
by growing through the shanks. It hibernates as dormant mycelium in the 
seed and in old plant debris and in the soil. 

Florida Agricultural Experiment Station, 

Gainesville, Florida 
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PHYT0PATH0L0G1CAL NOTES 


A new method of sterilizing wood blocks to be used for the culture of 
wood-inhabiting fungi. The surfaces of wood blocks are readily sterilized 
by exposure to the fumes of glacial acetic acid. Following is the recom¬ 
mended procedure: Cut the wood into blocks of the size desired for cultures 
and place them in a glass dish containing an open vessel filled with glacial 
acetic acid; cover the disli; and leave the wood exposed to the acid fumes 
for six hours. At the end of three hours turn the blocks in order that all 
points on the surface of the wood may be reached by the acid. At the 
end of six hours the surface of the wood will be sterilized. 

A culture dish 10 inches in diameter, provided with a cover and fitted 
with stands on which to rest the wood blocks, makes a suitable container 
for the sterilization of 4 blocks, 1 inch x 1 inch x 3 inches in size. Satis¬ 
factory stands to hold the blocks may be made by bending the ends of 
glass rods at right angles to the rods and fitting them into corks, w'hich 
will act as supports to maintain the rods in a horizontal position in the 
sterilization vessel. An open dish containing the acid may be placed below 
such stands. 

In the course of sterilization the surface of the wood will have absorbed 
some of the acid fumes; and, before the blocks are removed to the vessel in 
which they are to be inoculated, it is necessary to free them of the disin¬ 
fectant. The fumes diffuse readily into the air. Transfer the blocks, 
therefore, to a dry, sterilized vessel into the air of which the acid may 
pass; if the presence of acid is still discernible after a few’ hours, transfer 
the blocks to a second sterilized vessel. When all the perceptible acid has 
disappeared, pass the blocks through several changes of sterilized distilled 
w’ater to insure the removal of every trace of acid. This will, in addition, 
condition the wood to a moisture content suitable for fungous growth. It 
is w r ell to pass the blocks somewhat rapidly through the first changes of 
water, leaving them not more than an hour in the first, in order that no 
trace of the acid may soak into the interior of the wood. 

The method of sterilization here outlined is superior to sterilization by 
heat, since subjection of wood to heat for a period of time sufficient to 
insure the destruction of tungus spores or mycelium adhering to the 
surface changes to some extent the chemical composition of the w T ood and, 
therefore, alters the food supply of any fungus with which it may be in¬ 
oculated. It must be remembered, however, that the acid sterilizes the sur¬ 
face of the wood only and that, therefore, thoroughly sound wood must be 
selected at the outset. It is w’ell to run control cultures containing treated 
but noninoculated blocks, in order to ascertain whether or not any active 
fungus is present in the wood before inoculation. 
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All the fungi that I have attempted to grow on culture blocks pre¬ 
pared as here described have developed well. These are three in number: 
Trametes pint Fr. inoculated into blocks of jack pine, Pinus Banksiana 
Lamb.; Torula ligniperda (Willk.) Sacc. on blocks of paper birch, Betula 
alba, var. papyrifera (Marsh.) Spach.; and Fomes igniarius Fr. also on 
paper birch, Betula alba, var. papyrifera. 

Trametes pint reduced sound jack pine to an advanced white-pocket 
stage of red rot and produced sporulating fruit surfaces on the blocks in 
a period of eight months. Torula ligniperda has caused a distinct dis¬ 
coloration of the birch blocks to a depth of 3/16 inch in the course of 
three months and has doubtless penetrated much farther into the wood. 
This fungus is sporulating freely in the interior of the blocks. Fomes 
igniarius is spreading rapidly over the surface of the wood, but the inocu¬ 
lations are recent, and none of the blocks have yet been removed from the 
culture flasks.— Clara W. Fritz, Timber Pathologist, Forest Products 
Laboratories of Canada, Ottawa, Canada. 

Additional data on the distribution of two species of tfphaceloma. It 
now seems certain that the distribution of the Sphaceloma on avocado, the 
cause of avocado scab, includes the country of Mexico. This statement is 
based upon the writer’s identification of the fungus on avocado fruits 
recently recovered by Inspectors of the United States Department of 
Agriculture Plant Quarantine and Control Administration from the bag¬ 
gage of passengers at El Paso, Texas, entering the United .States from 
Mexico. The organism had formerly been reported from Peru and Cuba, 
as well as from Florida. Its possible occurrence in Mexico, where the avo¬ 
cado is indigenous, w f ould seem almost unquestionable but an earlier record 
has not been found. 

Reports of a Sphaceloma on apple and pear in Europe have been 
received only from Russia and Switzerland. Its identification on apple 
fruits taken during the past six months by Inspectors of the Plant Quaran¬ 
tine Administration from the baggage of passengers coming to this country 
from both Italy and Ireland shows that this organism occurs also in these 
two countries; that is, presuming that the apples in each instance were 
grown ip the country whenoe they were transported. The finding of a 
Sphacelotna on apple, apparently from Ireland, together with other avail¬ 
able data ,to be reported later, suggests that this organism may cause the 
British “spot-disease” of the apple, the cause of which has not been defi¬ 
nitely’ determined. T^e fungus is not known to occur in the United States. 
—Anna lE. Jenkins. Bureau of Plant Industry, Washington, D. C. 
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Notice of Summer Meeting. The Southern Division of the American 
Phytopathological Society will hold its annual Summer Meeting June 
11-16, 1930. The arrangements for the field tour are under the direction 
of Dr. L. E. Miles, Chairman, and L. M. Fenner, Secretary. The group 
will assemble at the Walthall Hotel in Jackson, Mississippi, during the 
evening of June 11. On June 12, an early departure will be made south¬ 
ward to the truck-crop areas around Crystal Springs and Hazlehurst. 
This is the center of the fresh-tomato district. Field operations, grading, 
and packing may be observed. Tomato shipments will be at their height. 
In the field, observations will be made on the overwintering of bacterial 
canker of tomato and other tomato diseases. Diseases of beans, carrots, 
cotton, and sweet potatoes will be noted here and in the coastal area. 
Search will be made for the newly discovered phony disease of the peach. 
Departing from the famous health resort at Browns Wells on June 13, 
visits to pecan groves and nurseries will be made and the work of the South 
Mississippi Experiment Station at Poplarville will be noted. Citrus, figs, 
grapes, peaches, sugar cane, and gladiolus will be of interest here. From 
Hattiesburg, on June 14, the tour will include diseases of citrus, pecans, 
and sugar cane, arriving in Biloxi late that afternoon. Visits to truck- 
crop areas, nurseries, and the pecan station will be made on June 16. 

For members interested in the collecting of fungi, this tour should 
afford an opportunity for gathering unusual specimens. The winter and 
spring seasons have been cool and rainy over much of the State and the 
conditions may favor a considerable number of plant diseases. 

The State Plant Board of Mississippi and the Agricultural Experiment 
Station have tendered their services in making the tour available to visitors 
who may come by train. All members, visiting scientists, and agricultural 
workers interested in plant diseases and their control are extended a cordial 
invitation to meet with us. Requests for reservations should be addressed 
to the Committee at A. & M. College, Mississippi. 




REPOET OF THE TWENTY-FIRST ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

THE DES MOINES MEETING 

The American Phytopathological Society held its twenty-first annual meeting from 
Saturday through Tuesday with an attendance of about 150. Saturday and Tuesday 
meetings were held at the Grant Club, with headquarters at the Chamberlain Hotel. 
Monday sessions were conducted at Iowa State College, at Ames. 

The program consisted of ninety-three papers delivered before the Society’s sections 
and five delivered at two joint sessions, one with Section G of the American Association 
and the other with the Society of American Bacteriologists. The contributions may 
be classified as follows: cereal diseases, twenty-five; vegetable diseases, thirty-two; 
fruit diseases, thirteen; miscellaneous diseases, twelve; diseases of ornamentals, nine. 
There were two invitation papers, one by Christine Buisman, on the Dutch elm disease, 
and the other by R. P. White, on the future of the pathology of ornamentals. 

The annual banquet on Saturday evening, 163 persons present, will long be remem¬ 
bered because of the clever program of original songs, impersonations, etc., rendered 
by members from Iowa, Minnesota, and Wisconsin. 

On Sunday evening was held the second annual meeting with business men and 
farmers, the discussion this year being devoted to the timely subject: “What Present 
Trends in Agriculture Demand of Plant Pathology . 99 Thomas Roberts (General 
Milling Company) spoke on the great west and wheat; the nation’s greatest crop, corn, 
w’as discussed by H. A. Wallace (Wallace Publishing Company) ; the sugar-beet industry 
was represented by W. H. Baird (American Beet Sugar Company); and a paper on 
conserving the intensive crops prepared by C. G. Woodbury (National Canners Asso¬ 
ciation) was read. 

The Monday sessions were held at Iowa State College, at Ames, where there was 
an elaborate exhibit of experimental work. Displays of virus diseases, crown-gall 
investigations, and seed-corn treatments were noteworthy. There were three simul¬ 
taneous sessions Monday morning and a joint session in the afternoon with the Society 
of American Bacteriologists, before which papers were given on bacteriophage and 
plant and animal viruses. 

A sum of money equivalent to that taken in for the Endowment Fund Luncheon, 
which was a feature of the day, was contributed to the fund by the Iowa State College 
group. Following the luncheon, members present as guests contributed generously. 

The extension pathologists held a round-table discussion on Tuesday with R. E. 
Vaughan, of Wisconsin, as chairman. The importance of conducting disease-control 
projects in close cooperation with other extension work was emphasized. 

officers and representatives 

The following officers were chosen: 

President , H. S. Fawcett, Citrus Experiment Station, Riverside, Calif. 

Vice-President , Max W. Gardner, Indiana Agricultural Experiment Station, La 
Fayette, Ind. 

Councilors (two years), H. P, Barss, Oregon Agricultural Experiment Station, Cor¬ 
vallis, Ore.; W. D. Valleau, Agricultural Experiment Station, Lexington, Ky. (1 year 
to complete term of Max W. Gardner.) 
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Associate Editors (three years), Ruth F. Allen, University of California, Berkeley, 
Calif.; Mary K. Bryan, U. S. Department of Agriculture, Washington, D. C.; L. B. 
Heeler, University of Tennessee, Knoxville, Tenn.; Wm. H. Weston, Jr., Harvard 
University, Cambridge, Mass. 

Business Manager (one year), F. C. Meier, U. 8. Bureau of Plant Industry, Wash¬ 
ington, D. C. 

Advertising Manager (one year), James F. Adams, Agricultural Experiment Sta¬ 
tion, Newark, Del. 

Representatives on the Council of the American Association for the Advancement 
of Science (one year), D. Reddick, Cornell University, Ithaca, N. Y.; C. W, Edgerton, 
Louisiana Agricultural Experiment Station, Baton Rouge, La. 

Members of the Board of Governors of the Crop Protection Institute (three years), 
L. M. Massey to replace H. W. Anderson. 

The following temporary committees were appointed to serve throughout the 
meetings: 

Auditing Committee, R. E. Vaughan and J. B. Kendrick. 

Committee on Elections, L. M. Fenner and Reiner Bonde. 

Committee on Resolutions, H. W. Anderson, R. P. White, and J. G. Leach. 

Be Bary Memorial Program Committee, Mel T. Cook, F. M. Blodgett, L. E. 
Melchers. 

REPORT Or THE SECRETARY-TREASURER, 1929 

The Society started the year 1929 with 794 members. During the year 4 past 
members have been reinstated and 29 have been lost. Of the 29, 15 have been suspended 
for nonpayment of dues, 8 have resigned, and 4 have died, 2 of those elected at the 
New York meeting not having paid their dues. This makes a net loss of 25 and a total 
membership of 769 at the close of 1929. 

There are now 84 life members paid in full—54 paying currently and 631 regular 
annual members. I have at this meeting applications for 59 and if these are elected 
it will bring our total membership up to 828. 

The State of Minnesota leads in securing new members for 1929 with six applica¬ 
tions, Iowa, New York, and Wisconsin tying with five each; Indiana, Washington, 
and Canada, three each; Illinois, District of Columbia, Hawaii, and Michigan, each 
two; and the remainder scattered through nine States, and the following foreign 
countries: England, Greece, India, and Japan. 

Our estimate of a working balance of $899.74 for 1930 is ample to take care of the 
probable needs of the Society. 

STATEMENT OF ACCOUNTS FOR 1929, AS OF DECEMBER 15, 1929 


Receipts: 

Balance from 1928 ..... $2,361.61 

Annual dues: 1927 .... $ 4.00 

1928 ... 24.25 

1929 ......... 1,628.20 

l 1930 ....... 2,125.40 3,781.85 

Excess does .......... .50 

Interest sm checking account ---- 1 . 45.42 

Sales received with does ------- 4.11 

Donation to Lyman Jp*$|prial Fund received with dues . 13.00 


Total receipts 


$6,206.49 
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Expenditures: (As per vouchers attached) 

Member subscriptions transferred to Phytopathology (1929) $2,178.00 


“ “ “ “ “ (1930) 500.00 

Secretarial work 288.38 

Postage stamps and stamped envelopes 68.45 

Stamped printed envelopes 68.22 

Expenses of Secretary-Treasurer at New York meeting 66.01 

Printing (abstracts, preliminary announcements, ballots, nomi¬ 
nation ballots, final programs, tickets, letterheads) 208.71 

Incidental expenses (account books, buttons) 11.70 

Donations to Lyman Memorial Fund to Savings Account 25.00 

Supplies for and mimeographing Publicity abstracts 32.10 

Sales transferred to Phytopathology 10.44 

Checks returned by bank 46.00 

Bank charges for collection of checks 1.20 

Balance as shown by bank statement attached 2,702.28 

- $6,206.49 


supplementary statement 


Balance as above stated $2,702.28 

Amount of above receipts due Phytopathology : 

For member subscriptions, 1928 3.00 

1929 63.00 

1930 951.00 

For sales received with dues .54 $1,017.54 

Amount due 8inking Fund: 

For 1925, 1927, 1928 306.00 

For 1929 522.00 

For 1930 378.00 


1,206.00 

- 2,223.54 


Available working balance for 1930 expenses $ 478.74 

Balance from 1929 as per attached statement $ 478.74 

Estimated income from annual regular members for 1930 372.00 

Estimated interest on December checking account 4.00 

Estimated interest on 1930 checking account 45.00 

-$ 899.74 


During my first year aB Secretary-Treasurer I have received invaluable assistance 
from our President, Dr. R. J. Haskell, who, in 1928, at the close of six years' active 
service, requested relief from this office. It was also my good fortune to have the 
assistance of Miss Mary G. Van Meter. Her knowledge of the work and her keen 
interest in the welfare of the Society, combined with a willingness to devote practically 
all of her spare time to Phytopathology, contributed much to our year’s program. 

Respectfully submitted, 

F. C. Meier, Secretary-Treasurer. 
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abstracts by title only. Of the several manuscripts received during the year 1929, 
22 articles, 4 phytopathological notes, 2 book reviews, and 98 abstracts are now in press. 

During the past year an effort has been made and, thanks to the helpful coopera¬ 
tion of The Science Press Printing Company, some success has been realized in advanc¬ 
ing the date of delivery of our journal to its subscribers. Before another year passes, 
it is hoped each month’s issue will be mailed on the first of the month. 

Certain of our membership have expressed the thought that we should formulate 
and adopt a more definite editorial policy with reference to character and length of 
articles accepted for publication in Phytopathology, publication of notes, announce¬ 
ments, book reviews, interim reports, quarantine regulations, etc. Accordingly, a ques¬ 
tionnaire was prepared and sent out to a limited number of members, more especially 
to those who have served or are serving the Society in an editorial capacity. These 
questionnaires have been returned and from them an attempt will be made to formulate 
a policy with reference to all points covered in the list of questions. 

It is the aim of the editorial staff to cooperate to the utmost in the improvement 
of the scientific excellence and wide usefulness of our journal. Therefore, no pains will 
be spared in our effort to obtain manuscripts of exceptional quality both as to subject 
matter and excellence of exposition. Greater care should be exercised by our contribu¬ 
tors in the selection of adequate illustrations of such excellence as to guarantee the 
best possible reproduction. Contributors Bhould also devote more attention to the 
clarity of presentation of tabular data and to terseness in statement of scientific facts. 
Much editorial labor has been expended during the past year and in past years in an 
effort to publish within the limits of our budget. ThiB has necessitated not a little 
pruning out of extraneous matter and exclusion of tabular material that could be and 
has been more advantageously incorj>orated in the text, proper. Again, we would call 
attention to the fact that authors of papers can profit through reference to recent 
numbers of Phytopathology from which they may learn what is required in the prepa¬ 
ration of tables, graphs, and illustrations. Attention to such details and to a more 
careful preparation of the text will go a long way toward insuring prompt publication 
of manuscripts. 

H. B. Humphrey, Editor. 

REPORT or THE ADVERTISING MANAGER 

In the twelve issues of Phytopathology published during the year 1929, there 
appeared a total of 113 advertisements distributed as follows: 38 one-page, 52 one-half- 
page, 20 one-fourth-page, and 3 one-eighth-page advertisements. The total advertising 
was equivalent to 69f full pages, or an increase over last year of six and two-thirds 
pages. 

Soliciting advertising is a continuous responsibility each month of the year in order 
to maintain our small total of business. Benewal of contracts secured for 1930 at this 
time totals only 36 pages, which further indicates the necessity for continued soliciting 
and the need of cooperation on the part of members to assist in this work if we expect 
to maintain m reasonable advertising business. 

It is suggested that members write the Advertising Manager of any favorable 
prospectk and whenever in touch with commercial representatives to mention the opposr 
trinity Phytopathology offers as a practical medium for advertising their equipment 
and materials directly 40 the members with whom they wish to do business. 

J. F. Adams, Advertising Manager . 
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COMMITTEE ON INVESTIGATION OF FOREIGN PESTS AND PLANT DISEASES 

Your Committee has devoted its time during the past year as follows: 

1. To the preparation of a list of important plant diseases based upon an early 
list prepared by J. A. Stevenson. 

2. To conferences between members of the Committee and Secretary A. M. Hyde, 
Dr. A. F. Woods, Drs. W. A. Taylor and K. F. Kcllerman, and other influential leaders 
in Washington. 

3. To correspondence between chairmen of the two coordinate committees whereby 
it was agreed to present a joint resolution together with substantiating data to Secretary 
Hyde requesting that an appropriation for this purpose be included in the budget 
for 1931. 

4. To redrafting the resolution adopted by this Society at its last session so that 
it forms a joint resolution from the Association of Economic Entomologists and the 
American Phytopathological Society. 

5. To the presentation of this joint resolution, together with supporting data, 
through letter of transmittal to Secretary Hyde signed by members of both committees. 

(». To following up the progress of the resolution. At the last report the matter 
was being considered by the Budget Committee. 

C. R. Orton, Chairman , 

W. A. McOibbin, 

F. D. Frommf.. 

COMMITTEE ON qi ARANTINE AND KEGl LATOR^ WORK 

This Committee, consisting of W. A. McCubbin, Chairman, J. S. Boyce, J. F. 
Adams, H. T. Giissou, and M. W. Gardner, submitted the following report, read by 
Doctor Gardner. 

At the present time there appears to be no great demand or need for regulating 
importations of pathogenic cultures from foreign countries. 

The unsatisfactory condition of quarantine aims and policies is noted. 

Unification of policies, standards, and practices in nursery inspection seems desirable. 

The following resolution is proposed: 

Whereat: The American Phytopathological Society cordially endorses the policy of 
the United States Department of Agriculture in reference to comj>etent and impartial 
investigation of all outbreaks of foreign plant diseases and insect pests in this country 
in order that effective and reasonable control measures may be adopted, be it 

Resolved: That this Society desires to express its approval of the action taken by 
Secretary Hyde, of the Department of Agriculture, in appointing advisory groups of 
well-qualified scientists from various States and institutions to survey and report on the 
Mediterranean fruit-fly situation in Florida both as to the need and the adequacy of 
the control measures adopted, including research, eradication, and quarantine. 

W. A. McCubbin, Chairman. 

COMMITTEE ON COOPERATION WITH BIOLOGICAL ABSTRACTS 

Your Committee on Biological Abstracts consisting of J. I. Lauritzen, Chairman, 
L. O. Kunkel, G. W. Keitt, S. M. Zeller, and H. T. Giissow, held no meeting during the 
year and so can give you only a brief summary of the progress made by Biological 
Abstracts as reported by Dr. J. R. Schramm.* 

During the year some 36,000 abstracts were published and 43,000 were sent to 
press. Beginning with January, 1930, regular monthly publication will be established. 

i Read by Dr. L. O. Kunkel. 
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Each number will contain about 3,000 abstracts. It is hoped that the index for Vol¬ 
ume 1 can be published sometime next spring. 

One of the most important achievements of the past year was the establishment of 
a branch office in the Library of the IT. 8. Department of Agriculture. This library 
has made available $5,000 a year for salaries and $5,000 a year for serials desired both 
by Biological Abstracts and the IT. 8. Department of Agriculture. The number of 
current serials to which the staff of Biological Abstracts has access has been brought 
to about 5,500. Twenty-five thousand are available at the Academy of Natural Sciences 
in Philadelphia, 1,200 are at the College of Physicians in Philadelphia, 1,200 are at the 
central office of Biological Abstracts, and 600 are in the Library of the Department of 
Agriculture. There are at present over 3,000 collaborators. Dr. Schramm pleads for 
our continued support. The Committee heartily recommended that all possible support 
be given to Biological Abstracts during the coming years. 

J. I. Lapritzen, Chan man. 

» 

COMMITTEE ON EDITING PHYTOPATHOLOGICAL ABSTRACTS 

On the basis of the acceptance by the Society of the report made by the Committee 
on Editing Phytopathological Abstracts December 31, 1928, and published in Phyto¬ 
pathology, Vol. 19, pp. 526-521, 1929, the Committee lias thiB year applied the fol¬ 
lowing rules: 

1. November 15 is the closing date for receipt of manuscripts for phytopathological 
abstracts for the annual meeting and this is interpreted strictly to mean that the 
abstracts must be in the hands of the Committee on or before that date. 

2. Late receipt of manuscripts and length in excess of 200 words will act auto¬ 
matically to disqualify. 

3. Manuscripts presenting material which, in substance, has already been published 
will not be accepted. 

4. The Society lias previously ruled that not more than two abstracts under the 
sole or senior authorship of one person shall be accepted. 

It has been necessary this year to reject certain manuscripts because of failure to 
observe one or another of these rules. 

The vexing question of the proper disposition of progress reports, which are in 
effect only a compilation of a greater or smaller portion of the routine observations, 
spraying tests, and miscellaneous experimentation performed during the year, still 
remains. This Committee recognizes that sometimes more can be made of such papers 
by their aetual presentation than is apparent from the preliminary abstract and that 
they sometimes evoke discussions mutually beneficial to author and audience. We recog¬ 
nize that the presentation of papers of this character is sometimes employed as a means 
to place one’s name on the program and that their acceptance may be «m Important 
factor in determining attendance at the meetings. It is not the place or purpose of 
this Committee to attempt to legislate with reqftpct to the papers which appear on the 
program, but we hold that a considerable proportion of this sort of material is not 
scientific literature in a proper sense and should not be published as if it were. 
Although the Committee is authorize^ to nrioct manuscripts which contain no new con¬ 
tribution to knowledge, experience shows that it is very difficult to secure general agree¬ 
ment among the Committee that any manuscript is so deficient. The practice has been 
toilet nothing leas mm the unanimous judgment of the Committee determine the rejec¬ 
tion of a manuscript. 4 Am a result we continue to publish abstracts in which no substan¬ 
tially new f esult, process, or thought is discernible, and the present year is no exception. 
This situation is discfj0itable to the high scientific aims of the Society. 
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We therefore propose the adoption of another rule supplementary to the four rules 
above stated, as follows: 

5. The Committee may at its discretion order printed by title only such manuscripts 
as do not of themselves give evidence of a new contribution to scientific knowledge. 

These five rules will govern the Committee’s action with respect to the manuscripts 
submitted in 1930 and thereafter. It is proposed to publish these rules in a number of 
Phytopathology issued prior to October 15 each year, and a synopsis of them in the 
preliminary notice of the meetings. 

Freeman Weiss, Chairman , 

J. W. Roberts, 

Annie R. Gravatt, 

Charles Drechsler. 

COMMITTEE ON PH YTOPATHOLOGK AL CLASSICS 

With respect to Phvtopathological Classics I can only report that due to the finan¬ 
cial stringency in the treasury of Phytopathology, I have made no attempt the past 
year to present manuscripts for publication in this series. I can, however, report some 
progress. Doctor Humphrey tells me that he has the manuscript of the translation of 
Tillet's paper on cereal smuts on which he has been working for some time practically 
completed. This can be gotten ready, I take it, for publication within a short time 
after 1 am advised that there is money available for printing it. T shall 1 m* glad to be 
advised by the Council as to the prospects of having funds for publishing new numbers 
of the ('lassies. As soon as money is again available, this series should be pushed 
with vigor. 

H. H. Whetzel, Chairman. 


COMMITTEE ON PRESS 

During the year stories were released to the ir>Af Virginia Agriculturalist and to 
the alumni magazines of Dartmouth College and Harvard University on the late Dr. 
G. R. Lyman and the George Richard Lyman Endowment Fund for Phvtopathological 
Publications. The report of the I>es Moines meetings, published in Science f was 
released by the Press Service. 

The most important phase of the work of the year, and that for which the Press 
Committee was established, was the preparation of pa per-by-paper releases of the Des 
Moines meetings. Each paper on the program, in so far as the Secretary received 
abstracts, was rewritten in popular language, and, following the final arrangement of 
the program, session stories were prepared, each with its proper release date, and 
mimeographed. Copies of the several stories were mailed to over two hundred news¬ 
papers, press associations, furni journals, and feature writers. 

Following the meetings at Des Moines, a atory of the new' officers of the Society, 
together w'ith photographs in so far as they were available, was released to the Asso¬ 
ciated Press. 

\V. A. Whitney, Chairman . 

COMMITTEE ON INTERNATIONAL RELATIONS 

Your Committee, appointed to inquire into the desirability of seeking to develop 
an international organization for the furtherance of our science and the promotion of 
international cooperation and good will, reports as follows: 

1. It has been determined by consultation with a representative gathering of our 
membership that the time seems opportune for the formation of an international 
organization. 
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2. It is recommended that the President appoint a committee (the number to be 
left to his discretion) to begin at once preliminary negotiations looking to a conference 
of interested persons, the conference to be held at Cambridge, England, at the time of 
the International Botanical Congress, in August, 1930. 

3. A plan of organization, approved in principle by an informal conference of the 
Society in session at Des Moines on December 29, 1929, is presented for the information 
of the proposed new committee. 

D. Reddick, Chairman , 

H. 8. Jackson, 

J. C, Walker, 

H. S. Fawcett, 

G. H. Coons. 


committee on necrology 

The decease of four members is reported: Franklin Sumner Earle, January 31, 
1929; Charles W. de Rekowski, April 16, 1929; Dr. Leigh H. Pennington, April 24, 
1929, and Dr. W. H. Wright, May 3, 1929. 

On account of their achievement and personal qualities, these members had won the 
professional respect and personal friendship of their colleagues. The American Phyto- 
pathological Society records its sense of loss in the death of these members. The 
formal report will be found at the end of this record. 

A. G. Johnson, Chan man, 

G. P. Clinton, 

M. B. Waite. 

reports of other committees and representatives 

Committee on American Type Culture Collection . 1 submit herein a brief report 

for the year 1929 of the fungus section of the American Type Culture Collection main¬ 
tained in the Office of Mycology and Disease Survey, Bureau of Plant Industry. 

No. of transfers sent to Dr. Weaver during 1929 199 

No. of cultures in collection as report of Dec. 23, 1928 437 
No. of cultures in collection Dec. 31, 1929: 


Aspergillus 46 

Penicillium • 36 

Phycomycetes 66 

Pythium and Phytophthora 34 

Miscellaneous 319 

Total available for distribution . 501 


There are also several dozen recently acquired cultures not yet placed in the collec¬ 
tion for distribution. 

Ip June, 1929, a supplementary list of 113 cultures of fungi was sent to Dr. 
Weaver’s office. Since that supplement t?a# compiled about 25 cultures have been 
placed in the collection. 

Dtfring tflg year a culture cabinet large enough to hold 1,200 cultures has been 
constructed to facilitate handling of the cultures. A minimum of trouble from loss 
or contamination was experienced during the year. 

C. 1a Shear, Representing Phytopathological Society. 
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American Association for the Advancement of Science. A brief, informal report 
of the representatives on the Covncil of the American Association for the Advancement 
of Science was presented by D. Reddick. 

Auditing Committee . We, the undersigned Auditing Committee, have examined 
the books of the American Pliytopathological Society, American Journal of Phyto¬ 
pathology, and the Lyman Endowment Fund. The books are found in good order with 
receipts and expenditures as stated by the Secretary-Treasurer, Mr. F. C. Meier. 

R. E. Vatgiian and J. B. Kendrick. 

De Bary Memorial Program Committee. A committee consisting of Mel T. Cook, 
F. M. Blodgett, and L. E. Melchers brought in the following report, which was adopted 
by the Society: 

Your Committee on the de Bary Memorial Program for the next meeting recom¬ 
mends: 

1. That the American Phytopatliological Society invite the Mycological Section of 
the Botanical Society of America to join in a one-session program to be known as the 
de Bary Memorial Program. 

2. That the secretaries of these two organizations be authorized to arrange said 
program. 

3. That so far as possible the papers for said program be on subjects along the 
lines of de Barv’s work. These papers may be selected from the papers submitted or 
by invitation, as may appear most satisfactory to the secretaries. 

Mel T. Cook, Chairman, 

F. M. Blodgett, 

L. E. Melchers. 

Itisolutions Committu . A committee consisting of H. W. Anderson, R. P. White, 
and J. G. Leach brought in the following resolutions, all of which were adopted. 

Resolved: That the American Phytopatliological Society, assembled at Des 
Moines, Iowa, instruct its Secretary to extend to the newly formed Canadian 
Pliytopathological Society, on behalf of its members, its congratulations upon 
the organization of the Society and its heartiest felicitations for continued 
growth and prosperity. 

Resolved: That the members of the American Pliytopathological Society 
hereby extend their sincere thanks to Dr. I. E. Melhus and other members of 
the Local Arrangements Committee for their efficient efforts contributing to 
the success of the 1929 convention of the Society held at Des Moines, and 
Ames, Iowa. 

Resolved: That the American Phytopatliological Society express its appre¬ 
ciation to the Des Moines Chamber of Commerce, through its Secretary, Mr. 
.George Hamilton, for its generous help and cooperation during the preparation 
for and the holding of its 1929 annual meeting. 

Resolved: That the Society express its appreciation to the Grant Club of 
Des Moines for the hospitality extended to the Society at its annual 1929 
convention. 

Resolved: That the Society express its appreciation of the facilities and 
assistance rendered by the public schools and Boy Scout organisation of Des 
Moines during its annual convention. 

Whereas: It has been called to our attention that Prof. W. J. Morse, of 
the Maine Agricultural Experiment Station, long an active and devoted member 
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of our Society, is at present seriously ill, Be It Be solved , that the Secretary 
be instructed to extend to him the sympathy of the Society and its hope for 
his early recovery. 

ACTION OF THE COUNCIL 

In addition to making the appointments mentioned in the first part of this report, 
the Council made the following recommendations, which were approved by the Society. 

1. That inasmuch as a change in the Constitution would be necessitated, no special 
class of membership for commercial companies be recommended at this time. 

2. That the invitaton of H. W. Anderson and M. W. Gardner for a summer field 
meeting in southern Illinois and Indiana be accepted and that a committee consisting 
of M. W. Gardner, H. W. Anderson, and Leslie Pierce be appointed to take charge of 
arrangements. (Owing to extensive damage from winter injury to fruit trees in these 
States, this meeting has since been canceled.) 

3. That the Editor of Phytopathology be allowed actual expenses for 1930 up to 
or within $300 for secretarial and editorial assistance. This is the same amount as 
last year. 

4. That a committee be appointed to consider plans for the Chicago Exhibition of 
1933, and, if thought desirable to enter such an exhibit, to bring in a plan at the 
beginning of the next annual meeting. 

OTHER BUSINESS 

The reports of officers, committees, and representatives, as printed above, were 
accepted. 

The revised copy of the Constitution and By-Laws was ordered printed in Phyto¬ 
pathology. The matter of printing a revised list of members was referred to the 
Council with power to act. 

The Secretary read letters from T. G. Major notifying the members of the dissolu¬ 
tion of the Canadian Division of the American Phytopathological Society and the 
organisation of the Canadian Phytopathological Society. It was moved and carried 
that the Resolutions Committee draft a reply to the Canadian organisation expressing 
our best wishes to the new organisation. 

B. M. Duggar announced that 1 ‘Fifty Years of Phytopathology }9 (illustrated) by 
Erwin F. Smith, an invitation address before the International Congress of Plant 
Sciences, Ithaca, New York, August 20, 1926, is now available and may be obtained 
at 75 cents per copy by addressing him, University of Wisconsin, Madison, Wis. 

Attention was called to the fact that the publication ‘ ‘ Fungi of Iowa, ’ 1 by Gilman 
and Archer, may be purchased from the Business Manager of the Iowa State Journal 
of Science at $1.00 per copy. 

A. H. B. Buller announced that “Selecta Fungorum Carpologia,” by Tulasne, has 
been translated from Latin to English by W. B. Grove, the author of the “British 
Rust Fungi, ’* and that the translation, along with reproductions of the plates, is now 
being published by the Oxford Press. 

E^ C. Stakman, speaking in behalf of the Endowment Fund Committee, brought 
up the matter of the desirability of the phytopathologists availing themselves of the 
opportunity to obtain group rates and special service from steamship companies for 
travel td the Bfetanical Congre s s and he pointed out that the Endowment Fund might 
well benefit from this arrangement, which means the equivalent of one free ticket for 
every twen|y-five pdrefimML Following a discussion of this matter, G. H. Coons made 
a motion, which was eagled, that noses member of the Society be appointed as cor re- 
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sponding agent of the U. S. Lines in order that the Endowment Fund might benefit and 
the individual members secure the special service offered to groups buying tickets. It 
was moved by E. L. Nixon and carried that G. K. K. Link,’ of the University of Chicago 
be made sole correspondent in this matter. 

It was moved by Donald Reddick and carried that, with the probability of an Inter¬ 
national Union being effected at the Botanical Congress in Cambridge, the matter of 
delegates be referred to the Council for action at the next meeting with a view to deter¬ 
mining a permanent plan for financing delegates to the International Union if one be 
founded. 

It was moved by Donald Reddick and carried that, in vien of the fact that our new 
President is now to appoint committees, and with them one to go to Cambridge, and is 
abroad and therefore inaccessible, Dr. Haskell, retiring President, be made Chairman of 
the Committee on International Relations and that he select the other members of that 
committee. (The committee was reappointed with R. J. Haskell as Chairman.) 

1 Doctor Link is now actively carrying on this work, is in close touch with the steam¬ 
ship company, and inquiries should he addressed to him. 
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FRANKLIN SUMNER EARLE 
SEPTEMBER 4, 1856- JANUARY 31, 1929 

Franklin Sumner Earle took special courses at the University of Illinois and 
in 1902 received the degree of M.S. from the Alabama Polytechnic Institute. 

In 1886 he was an assistant to Doctor Burrill in the Department of Botany 
of the University of Illinois; from 1894 to 1895 he was connected with the 
Mississippi Agricultural Experiment Station. In 1895-96 he was Assistant 
Pathologist in charge of the Mycological Herbarium of the U. S. Department 
of Agriculture. In 1896 he was Horticulturist at the Alabama Agricultural 
Experiment Station; in 1896-1901, Professor of Biology at the Alabama Poly¬ 
technic Institute; 1902-3, Assistant Curator in charge, Mycological Collections, 
New York Botanical Garden; 1904-6 Director, Estacion Central Agronomica of 
Cuba; 1908-11, Consulting Agriculturist to the Cuban-American Sugar Company; 
1911-14, President, Cuba Fruit Exchange; 1918, studied sugar-cane mosaic in 
Porto Rico for the U. S. Department of Agriculture; 1922—23, Consulting Agri¬ 
culturist to the Central Aguirre Sugar Company, Porto Rico. From 1924 until 
his death he had charge of the study of sugar-cane varieties for the Tropical 
Plant Research Foundation in Cuba. 

He was a man of sterling character and friendly disposition, a devoted hus¬ 
band and father, greatly respected by his business and professional associates 
and acquaintances, and beloved by his more intimate colleagues and friends. 


CHARLES W. BE REKOWSKI 
SEPTEMBER 8, 1865- APRIL 16, 1929 

Charles W. de Rekowski received his education in the Gymnasium and the 
University of Jena, Germany, where he specialised in agriculture. In 1866 he 
came to the United States where he became interested in the sugar-beet industry 
and was active and well known in that industry throughout the balance of his 
life. He was a member of a number of scientific societies and social dubs in 
different parts of the United States and was highly thought of by his many 
frienfls. 
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LEIGH H. PENNINGTON 
OCTOBER 26, 1877— APRIL 24, 1929 

Leigh II. Pennington received the degree of Bachelor of ArtB from the Uni¬ 
versity of Michigan in 1907 and the degree of Doctor of Philosophy from the 
same institution in 1909, specializing in botany and chemistry. 

During the school year 1906-1907, he served as undergraduate assistant in 
botany at the University of Michigan and continued in the same position during 
his graduate study at the same institution, from 1907 to 1909. From 1909 to 
1910, he was Instructor in Botany at Northwestern University. From 1910 to 
1912, he was Assistant Professor at New York State College of Forestry. From 
1912 to 1914, he was Associate Professor at the same institution and from 1914 
to the time of his death, he was Professor of Forest Pathology in the same insti¬ 
tution. During the summers of 1911 and 1912, he served as expert in the Office 
of Forest Pathology, U. ft. Department of Agriculture, and at various intervals 
during 1917-1923, he served as pathologist or collaborator in the same office. 
During the summers of 1923, 1925, 1926, 1927, 1928 and at the time of his death, 
he ser\ed in the capacity of forest pathologist in the Office of Blister-Rust Con 
trol, U. K Department of Agriculture, working on special phases of the white-pine 
blister-rust problem. 

He was the author of numerous papers, chiefly in the field of forest pathology. 
He was a very able, far-seeing investigator, capable teacher, and willing co- 
operator, combining, in all, thoroughness and a very pleasing personality. Truly 
it may be said of him that “To Be of ftervice’' was his watchword. 


WILLIAM HARMON WRIGHT 
JULY 8, 1885— MAY 3, 1929 

William Harmon Wright graduated from Purdue University in 1908 and 
married Edna Fisher June 11 of the same year. He came to the University of 
Wisconsin that fall and received his Master's degree in 1909. His graduate W'ork 
at Wisconsin was supplemented by a year at Cornell University, 1915-1916. The 
degree of Ph.D. w*as awarded him by the University of Wisconsin in 1924. 

Professor Wright joined the staff of the University of Wisconsin as an 
assistant in Agricultural Bacteriology. He was successively promoted through 
the various ranks, occupying at the time of his death the position of Associate 
Professor of Agricultural Bacteriology. 

He was an exceptional teacher. A thorough mastery of his subject and a 
delightful personality, activated by a glowing enthusiasm, enabled him to inspire, 
not only a large number of students, who came under his direction during his 
twenty years of service, but also those who were associated with him in his work. 
Although he had only a limited time for research, his zeal for original investiga¬ 
tions and the fundamental work he accomplished were exceptional. 
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STUDIES ON THE MOSAIC DISEASE OF THE BEAN 
(PHASEOUTS VULGARIS L.) 

T. G. Fajardo* 

INTRODUCTION 

Within the last decade the cultivation of both field and snap beans, 
Phaseolus vulgaris L., has increased markedly in certain sections of the 
United States. This has been associated especially with the increase of 
the bean-canning industry in the North and of the winter culture of beans 
in the South. At the same time there has been a concentration of the bean- 
seed-growing industry in the Northwest. Concomitant with these changes 
lias come increasing loss from certain seed-borne diseases. Among these, 
the virus disease, 4 4 mosaic/ 7 ranks as most important on certain varieties. 
Although this has been recognized as serious for some time, but little 
progress has been made recently in its critical study, partly because of the 
difficulty in studying this mosaic experimentally. 

The investigations here reported are the result of studies conducted at 
Madison, Wisconsin, dealing principally with certain phases of artificial 
and natural transmission of the disease, including transmission through 
the seed. 

HISTORY, GEOGRAPHIC DISTRIBUTION, AND ECONOMIC IMPORTANCE 

Bean mosaic was first reported in Russia by Iwanowski (10), in 1899, 
on a variety of Phaseolus vulgaris. Clinton (3), in 1908, described a 
questionable 44 infectious chlorosis' 7 of string beans in Connecticut, which 
4 4 in general appearance resembled very closely the chlorosis (mosaic or 
calico) troubles of tobacco, tomatoes and muskmelons. ’ 7 Spragg and Down 
(21) state that the disease was serious on the commercial navy bean in 
Michigan in 1908. In 1914 the disease was reported as occurring locally 
and causing slight damage in New York, but in 1916 and 1917 it became 
more general and severe (17). Barss (2) noted the disease in Oregon in 
1917 and found that in certain fields as high as 50 per cent of the plants 
were affected. 

* The writer is indebted to Professor L. R. Jones, at whose suggestion this investi¬ 
gation was undertaken, for advice and encouragement throughout the investigation; 
to Dr. James Johnson for helpful advice; and to Professor H. P. Barss, Dr. S. M. 
Zeller, and Dr. I. A. Hoggan for aid in the preparation of the manuscript. 

469 
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Since the appearance of bean mosaic in Connecticut, Michigan, New 
York, and Oregon, the disease has been reported in various other States 
and is now apparently coextensive with bean culture in the United States 
(18) and perhaps in Canada (4, 8, 23). The disease has caused serious 
losses in the Eastern States in the past, but with the development of 
“Robust,” a chance selection from Michigan, and other resistant varieties 
of dry shell beans, conditions have improved in this region. In the Western 
States, however, especially in Montana, Idaho, and other States where 
commercial seed beans are grown, but where Robust is not, the disease has 
become the most*s$*ious malady with certain important varieties. Accord¬ 
ing to the Bureau of Plant Industry (Plant Disease Survey for 1925 to 
1927), bean mosaic was ranked second only to bacterial blight in causing 
reduction in total yield for the bean crop of the United States (18). 

While bean mosaic and the loss caused by it are coextensive with bean 
culture in America, only meager reports of the disease in other countries 
have been found in literature. J^rstad (12) reported its occurrence in 
Sweden in 1920, Ogilvie (16) in Bermuda in 1923, and Porter (19) in 
Eastern China in 1926. Quanjer, in a letter to the writer in 1927, states 
that he had observed it often in Holland and also in England. Since the 
disease is carried through the seed, it is probable that it occurs wherever 
beans are grown. Presumably the spread from one locality to another is 
chiefly through commercial shipments of bean seed. 

SYMPTOMS 

General symptoms and effects of bean mosaic. The symptoms displayed 
by bean plants affeeted with mosaic are variable and are influenced by 
various environmental conditions. In general, the leaves show varying 
degrees of mottling or chlorosis, blistering, and downward cupping of the 
lamina (Pig. 1, A, B, and E). Under certain environmental conditions, 
much-reduced leaves, with sinuous or filiform leaflets, are produced; in 
some cases only the terminal leaflet develops (Fig. 1, C, D). These latter 
symptoms, however, have not been observed in the field. 

Plants affected with mosaic are rarely killed but continue to vegetate to 
the end of the season. They may become stunted, dwarfed, and bushy, or 
may Ipe only slightly affected in growth, especially when the plant becomes 
infected ft a later stage of development. In general, they shed their flowers 
more freely than do healthy plants and the setting of pods is delayed, the 
pods not all being set at the same time (Fig. 2). Under these conditions, 
the plants ma^bc induced to more active budding and the vines appear 
“<green” 4 >r take longer to “dry off” than the vines of healthy plants. 
This if especially ty&iceahfe towards the end of the season, when uniform 
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Fig. 1. Variation in leaf symptoms exhibited by different susceptible varieties of 
beans affected with mosaic. 

Top row, Early Marrow Pea. A, leaf of healthy plant. B, leaf of mosaic plant 
Bhowing chlorosis, with a few, small, dark green areas near the veins. 

Bottom row, Rogers Stringless Green Pod. C, severe blistering and malformation 
of leaflet, with suppression of lateral leaflets. D, Aliform malformation of leaflets. 
E, marked blistering and cupping of leaflets. 

yellowing or drying of healthy vines occurs. Plants which become infected 
late in the season, however, may appear green although their pods mature 
uniformly and at approximately the same time as those of healthy plants. 

The loss in yield, due to mosaic, varies from 0 to 100 per cent, depending 
on the stage of growth of the plant when infection occurs and on the relative 
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Fig. 2. The amount of injury caused by mosaic is much greater when infection 
occurs early. A, plant which developed primary symptoms (indicated by arrow) on 
August 20 and on which the yield was not reduced. B, plant which developed primary 
symptoms (indicated by arrow) on July 31, when in the fourth compound leaf stage, 
showing delay in setting of pods and corresponding reduction in yield. (Befugee 
1000-1 variety, photographed August 25.) 

susceptibility and season of the variety. Plants infected early and devel¬ 
oping severe leaf symptoms oftentimes fail to produce any pods. Plants 
infected at a later stage, before or just after blossoming, may be reduced 
in yield from 30 to 50 per cent, while plants infected after the pods are 
set are slightly or not at all reduced in yield (Pigs. 2 and 3). 

Symptoms on plants infected during the current season. Healthy 
plants which become infected during the current season through the agency 
of insects or through artificial inoculation show the first evident symptoms 
of mosaic on the young expanding leaves 8 to 15 days after inoculation. 
The youngest leaves which are expanding at the time of inoculation become 
crinkled, chlorotic, or stiff, with a touch shortened petiole. The next 
youngest leave? are at first thickened, more or less chlorotic, and laterally, 
arched, but later' become completely ehlorotic with petioles of normal 
length (Pig. 4, 1 1)1 Under favorable greenhouse temperatures, these 
.symptoms toay be njuph more pronounced and a clearing of the veins may 
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Fig 3 Oomparatne fields of healths and mosaic plants (Refugee 1000-1) 
jield from o plants infected at an earh stage of gronth. yield from 5 plants de\el 
oping first symptoms of mosaic vhen in full blossom or later B, jield from 5 healthy 
plants (control). 

be observed (Fig 5) Under certain conditions, however, plants infected 
during the current season may not develop typical sjTnptoms Such plants 
are either growing very slowly or have already reached full vegetative 
growth before they become infected, or they bcome infected late in the 
season wdien the weather is cool and moist. These latter plants may show 
only a crinkling or chlorosis of the last compound leaves % but, when condi¬ 
tions become more favorable for growth and the air temperature becomes 
higher, new leaves may be produced wdiich show typical mosaic symptoms. 

Symptoms on plants originating from infected seed As w r ill be dis¬ 
cussed later, bean mosaic is often transmitted through the seed, although 
not all the seeds from an infected plant show r mosaic infection. Seedlings 
originating from infected seed vary in the time of appearance and severity 
of leaf symptoms Table 1 illustrates the results obtained with mosaic 
parent plants in relation to the time of appearance of symptoms in their 
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TABLE 1.— Relation of time of infection of the parent plant to the percentage of teed 
infected. (Note the larger percentages result from early inoculation ) 


Stage of growth of parent 
plant when infected 

Number of 
experimental 

Total number 
of seeds 

1 secured and 
tested 

Percentage of seedlings 
from these developing 
mosaic symptoms 

plants 

After 20 ; 

days* 

After 30 
days* 

2nd to 4th compound leaf... 

10 

163 

44 | 

57 

5th to 7th compound leaf. 

5 

| 171 

25 

36 


• Beginning' from the date on which the seeds were planted. 



Fig. 4. A, seedling plant 20 days old, grown from infected seed and showing 
typical mosaic symptoms on both simple and compound leaves. B, plant artificially 
inoculated in the second compound-leaf stage, showing primary symptoms on the second 
and third compound leaves (indicated by arrows) and typical symptoms on subsequent 
leaves. (Roger’s Stringless Green Pod.) 

progeny. Our observations indicate that some seedlings develop typical 
mottling, blistering, downward cupping, or chlorosis on the first and suc¬ 
ceeding compound leases, while the two simple leaves are chlorotic, mottled 
or contorted, or else normal in appearance (Fig. 4, A). Sometimes only 
one of "the s&Uplc. leaves shows any symptoms. On other plants, however; 
even the first compound leaves do not develop typical symptoms but show 
a stiffening, crinkling, or chlojrosis of the lamina, while the petiole becomes 
shortened land thickened and subtends the lamina in a more or less upright 
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Fig. 5. Primary mosaic symptoms resulting from artificial inoculation in the green* 
house (Roger’s Stringless Green Pod). A, leaflet of healthy plant. B, leaf of mosaic 
plant showing marked clearing of the veins. C’, leaf of mosaic plant showing general 
chlorosis. 

position. The second compound leaves are chlorotic, and typical symptoms 
develop on subsequent leaves. Thus far, it has not been possible to find 
any explanation of the fact that different plants of the same variety, grown 
from the same lot of infected seed and under identical conditions, should 
vary thus in the time of appearance of symptoms. 

The severity of leaf symptoms on plants grown from infected seed was 
found to vary widely according to the variety. Generally speaking, the 
early, apparently resistant, varieties do not show such well-marked 
mottling, blistering, or cupping as is observed on the late susceptible varie¬ 
ties. The early, apparently resistant varieties, such as Bountiful, Davis 
White Wax, Pencil Pod Wax, Ward well’s Wax, and Giant Stringless Green 
Pod, show only a slight mottling or chlorosis of the leaves. Sometimes the 
symptoms on the compound leaves are obscured in the greenhouse, even 
though the simple leaves show marked contortions. Under greenhouse con¬ 
ditions these varieties blossom very early, which may explain the failure 
in some cases of the appearance of mosaic symptoms. Our experience 
indicates also that both these varieties and the late-maturing types, unless 
inoculated early, may fail to develop mosaic symptoms. 

Influence of air temperature on the expression of mosaic symptoms . 
Air temperature affects the general symptoms of bean mosaic in much the 
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same way as it affects those of other mosaic diseases (11). Bean seedlings 
with marked mosaic symptoms were placed in greenhouses and chambers 
held at different temperatures. Good symptoms developed on the new 
growth at 20-28° C., a masking of symptoms at 12-18° C., and a partial 
masking at 28-32° C. At 20-28° C., the plants apparently grew normally, 
at 12-18° C. they were stocky, and, at 28-32° C., they grew more rapidly 
and were spindly. Field observations during 1926 and 1927 confirm these 
results. Marked symptoms were noted in the field from about the last half 
of June to the first two weeks of August, when the mean temperatures 
ranged between 20 and 29° C. Before and after this period, when the 
mean temperatures lay between 10 and 18° C., the symptoms were indistinct 
or were completely masked. The masking of symptoms was more notice¬ 
able late in the summer when cooler weather ensued. 

The incubation period is also affected by the air temperature. Under 
good growing conditions, inoculated plants kept at 20-28° C. showed 
primary symptoms within 8 to 14 days. Typical symptoms appeared 3 to 
6 days later. Plants kept at 28-32° C. showed symptoms in approximately 
the same range of time. Inoculated plants kept at 12-18° C. showed a 
lengthening of 4 to 7 days in the incubation period and failure to develop 
typical symptoms even after 25 days. When transferred to a temperature 
of 22-26° C., however, typical symptoms appeared in 10 days. In these 
experiments from 60 to 100 per cent infection was obtained with plants 
kept at 12-18° C. and at 20-28° C. Much lower percentages of infection 
were obtained with plants kept at 28-32° C. The low percentages of 
infection obtained with inoculated plants at the higher temperatures may 
have been due to the sensitiveness of the virus to drying or to the rapid 
drying of the mutilated leaves at these temperatures. 

Judging from the above results, the favorable temperatures for the 
expression of mosaic symptoms are 20-28° C., with an optimum between 22 
and 26° C.; partial masking occurs at 28-32° C., or above, and total mask¬ 
ing at 12-18° C. At favorable temperatures (20-28° C.) typical mosaic 
symptoms develop within 15 to 20 days, a much shorter period than that 
given by Stewart and Reddick (22), which was 4 weeks. 

IS THEBE KOBE THAN ONE KIND OF BEAN MOSAIC t 

* ■« 

Since great variations in mosaic symptoms have been found among the 
different varieties of beans and since field-infected plants under certain 
conditions fail to develop typical mosaic symptoms during the season, one 
might be led toWDSpect the existence of more than one kind of mosaic on 
bean, fche writer, however, is at present of the opinion that there is only 
one common typeSA mosaic of the bean. It has not been possible to make 
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extensive intervarietal cross inoculations and studies of the properties of 
the virus derived from different sources. This conclusion, however, is 
based, first, on the results of a study of symptom development in a series of 
experiments with young susceptible plants, where inoculations were made 
with infective materials taken from plants and varieties showing diverse 
symptoms in the field, and, second, on observations of the diverse effects of 
the disease on different plants raised from diseased seeds taken from the 
same infected parent plant. The variations observed in the expression of 
symptoms seem to be due to differences in host reaction as influenced by a 
variety of internal and external factors. 

DISTRIBUTION OF THE VIRUS IN INFECTED PLANTS 

The virus of bean mosaic is perhaps present in the whole system of 
mosaic-infected plants, but its presence is most easily demonstrable in those 
plant parts wiiich exhibit mosaic symptoms. Artificial inoculations with 
juice from the leaves, stems, or green pods of mosaic-infected plants readily 
produce infection in young, healthy bean plants. No infection has thus 
far been obtained from the juice of roots of infected plants. Several 
attempts to inoculate young seedlings with water extracts from dried seed 
coats of mosaic-infected seed carrying 60 to 73 per cent seed infection gave 
negative results. Surface sterilization of infected bean seeds had no 
appreciable effect, and this held true whether or not the seed coats were 
removed before sterilization. This indicates that virus is, perhaps, not 
present in the seed coat but is carried in the embryo of the seed. No 
attempts have been made to inoculate with the juice from fresh seed coats. 
It is possible that the virus may be present in them, but, if so, it probably 
loses its virulence and becomes inactive w ith the drying of the seed coat. 

TRANSMISSION OF BEAN MOSAIC 

Transmission through the soil. In several series of experiments no 
transmission of mosaic was obtained through the soil. In these experi¬ 
ments seeds of susceptible varieties of beans w r ere planted in soil mixed 
with fresh, dried, or decomposed mosaic tissues, or the seeds were allowed 
to sprout through a layer of fresh, mosaic-infected bean leaves. These 
results indicate that the virus of bean mosaic probably does not overwinter 
in dead, diseased vines and is perhaps never transmitted through the soil. 
As will be discussed later, the bean-mosaic virus remains viable an exceed¬ 
ingly short time and will not resist drying. 

Transmission through contact with diseased and healthy roots . No 
transmission has yet been obtained in several series of experiments con¬ 
ducted in an attempt to infect healthy plants through contact with the 
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roots of mosaic plants. In these experiments seeds of healthy and mosaic 
plants were planted in the same pot. In no case conld transmission be 
ascribed to root contacts. The healthy seedlings remained healthy, 
although the seeds from the mosaic plants gave a high percentage of infected 
seedlings. 

Transmission through contact tcith the aerial parts of diseased and 
healthy plants. Leaves of healthy and mosaic plants, allowed to come in 
contact with each other and casually rubbed together under controlled con¬ 
ditions, failed to cause infection of the healthy plants. Alternate picking 
of green pods from mosaic and healthy plants grown under cages likewise 
gave no infection. The results of these trials indicate that bean mosaic is 
not readily transmissible through cultural practices, which must therefore 
be considered of little or no economic importance in the transmission of 
bean mosaic in the^eld. 

TRANSMISSION BY ARTIFICIAL MEANS 

Seed inoculation. No infection was obtained when dry or germinating 
seeds from healthy plants were soaked in juice expressed from diseased 
plants for different lengths of time. Pricking the cotyledons of germinat¬ 
ing seeds before soaking in infective juice for 12 hours failed to induce 
infection. The juice was proved still to be infectious, after 12 hours, by 
inoculation to healthy plants. 

Boot inoculation. In two series of experiments, successful infection 
was, however, obtained when the cut roots of seedlings were immersed in 
infective expressed juice for various lengths of time. Prom 20 to 40 per 
cent infection was obtained on seedlings in the simple-leaf stage after such 
soaking for 1 to 1J hours and on plants with the simple leaves half expanded 
after aoaking 3 to 5 hours. No infection was secured on seedlings in the 
cotyledonary stage after soaking for 12 hours. Older plants subjected to 
this method died after replanting, as did some of the plants in the simple- 
leaf stage. These results suggest that infection resulted thus through cut 
roots only when sufficient transportation occurred through aerial parts to 
induce fairly active absorption and distribution of the virus. 

Leaf inoculation. To date, bean mosaic compared with the well-known 
tobacco and cucumber mosaics, has been considered difficult to transmit 
artificially. Although transmission was secured by the earlier workers, the 
percentage of infection obtained was low and the results inconsistent (20, 
7), while otheM failed to obtain transmission (6, 3). Clinton (3), failing 
to transmit the dimay , regarded it as a “ questionable chlorosis. ’ ’ Reddick 
.and Stewapt (0) state that they failed “in producing infection with 
expressed jitter, ft djjeaseds plants either with sufficient regularity or in 
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sufficient quantity to feel sure that the occasional plants showing the disease 
had not become infected in some other way.” Archibald (1) states, how¬ 
ever, that he obtained 100 per cent infection with hypodermic injections 
and by pressing the leaves between the fingers moistened with extracts from 
mosaic plants. 

Using the methods of artificial inoculation known to transmit tobacco 
or cucumber mosaic and also repeating some of the methods used by the 
earlier workers with bean mosaic, the writer also has found the disease 
difficult to transmit. A method of leaf-mutilation inoculation has been 
developed, however, which has given from 80 to 100 per cent of infection 
in the majority of cases. This method consists in rubbing the simple leaves 
on the upper surface along the midrib with a small piece of cheesecloth 
dipped in infective, expressed juice to which a small quantity of sand has 
been added. Satisfactory results also were obtained by rubbing the leaves 
with mosaic tissues which were ground up and mixed with sand and rolled 
into small balls. These same methods applied to other small areas of the 
simple leaves have given satisfactory infection, but this has not been so 
commonly practiced as the rubbing of the midrib. The addition of sand 
in the juice, which is readily taken up with the cheesecloth, greatly aids 
uniform abrasion of the rather tough and firm leaves of the bean plant and 
avoids unnecessary tearing and crushing. By these methods, infection of 
susceptible varieties has been secured at any stage from the simple-leaf to 
the flowering stages. 

Transmission by insects. The spread of certain virus diseases has been 
largely ascribed to insect agencies, and bean mosaic has been assumed by 
earlier workers to be transmitted by insects also. Our early field trials 
showed that if susceptible bean plants were so caged as to exclude insects 
they remained healthy through the season, while exposed controls developed 
mosaic symptoms before the end of the season. Later experiments, how¬ 
ever, have proved more conclusively that certain aphids readily transmit 
bean mosaic, W'hile all other various insects tested have failed to give 
infection. 

Transmission by aphids. Hawley (9) states that the work of Matheson 
and Reddick indicated the transmission of bean mosaic by an undetermined 
species of plant louse in the greenhouse. Nelson (Jo) showed that Macro - 
siphnm solanifolii Ashm., the pink and green potato aphid, transmitted 
bean mosaic. The results of a number of cage experiments with mosaic- 
reared L„ the black bean aphid, Myzus persicae Sulzer, the 

peach aphid, and Macrosiphum solanifolii* have shown that each of these 

* The writer wishes to thank I)r. A. A, Granovsky of the Department of Economic 
Entomology, University of Wisconsin, for kindly identifying the aphid species. 
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species readily transmits the bean-mosaic virus to healthy bean plants, con¬ 
firming Nelson’s results with the last-named aphid. Eighty to 100 per 
cent infection was secured when 15 or more infective aphids were trans¬ 
ferred to each individual experimental plant. Lower percentages of infec¬ 
tion were obtained when fewer aphids were used. In one series of experi¬ 
ments, infection was obtained with a single viruliferous individual of 
A. rumicis and like results with Myzus persicae. The incubation period 
remained within the usual range whether many or few aphids were trans¬ 
ferred to each plant. Figure 6 is a general view of the plot where insect 
transmission experiments were conducted. 



Tia. 6. General view of bean plot showing eages under which insect-transmission experi¬ 
ments were conducted. 


Transmission by other insects. With one exception tests with various 
other insects found feeding on bean plants in the field gave negative results. 
Several trials with the bean leaf hopper, Empoasca fabae Le B., reared on 
mosaic bean plants, have given negative results. No infection was obtained 
either,from Diabrotica dupdeoimpunctata Oliv., the twelve-spotted cucum¬ 
ber beetle, 'D. vittata Fabr., the striped cucumber beetle, Lygus protensis 
L., tarnished plant bug, Tetranyckus tetanus, red spider, Haliothrips. 
fasciatus, thtipf, or Aleyrodes vaporarium Westw., white fly. Positive 
infection was o btaine d, however, with a species of mealybug in the 
grpenhousst 
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FACTORS INFLUENCING MOSAIC TRANSMISSION IN THE FIELD 

The rate of spread and final percentage of mosaic infection in our 
experimental bean plots have been observed to vary from season to season. 
The determining factors appear to be (1) the percentage of mosaic-infected 
seed, and (2) the prevalence of certain insects. Climatic conditions may 
influence either the development of insects or the expression of mosaic. 

In 1926 samples of seed of representative commercial varieties of beans, 
which carried low percentages of infection, were planted in early June in 
parallel rows in each of three different plots. The percentage of plants 
showing infection in two of these, plots I—II, at the end of the season, is 
given in table 2. The same variety showed differences in the percentage 
of infected plants in the different plots when final notes were made. The 
rows planted in plot II, where aphids appeared early in July and were 
more abundant during the season, gave a higher percentage of infection 
than those planted in the other two plots. In the latter plots aphids 
appeared late and were not abundant throughout the season. The rate of 
spread of mosaic was here much slower than in plot II. These results were 
confirmed by those obtained in 1927. In 1927 seeds from selected healthy 
plants were planted in rows alternately with mosaic seeds. Plot II showed 
100 per cent infection by the end of July, while only a few cases of field 
infection were observed at that date in the other two plots. These other 
plots, however, also showed 100 per cent infection at the end of the season. 
The high percentages of field infection observed as compared with the 
previous year were due to the higher percentages of infected seed planted 
in the plots. The prevalence of aphids was similar to that of the preced¬ 
ing year. 

INFLUENCE OF ROGUING ON AMOUNT OF FIELD INSPECTION 

Roguing was found to have some influence on the prevalence of mosaic 
w’hen the amount of seed infection was low and the roguing began with the 
earliest seedling symptoms before the appearance of aphids. Thus in one 
trial where, in the nonrogued controls, the infection of the more susceptible 
varieties reached 30 per cent, the corresponding rogued plots showed not 
more than 10 to 20 per cent even on the late susceptible varieties. Although 
this represented a reduction to almost one-half, it cannot be considered a 
practical measure under ordinary editions. 

Our experiments have shown thht the amount of field infection attrib¬ 
uted to insects and the resulting mosaic injury may vary widely according 
to date of planting. This is illustrated in table 3, which shows the results 
from*eadb of three plantings, early June, late July, and early August. It 
will ha noted that fhe tm earlier plantings gave high infections on all 



TABLE 3 .—Relation of date of planting to the amount of mosaic infection at the end of the season (1926 trials, Plot II), 
(Xote the very small amount of mosaic in the August planting when there icere few insects) 
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susceptible varieties except where caged to exclude insects. In sharp con¬ 
trast those planted in August were relatively free from mosaic. In another 
like but larger plot, in 1926, the results were similar, with mosaic infection 
of 60 to 100 per cent on the two earlier plantings (June and July). Along¬ 
side these were plantings on two later dates of which that made August 1 
showed small infection viz, 0 to 20 per cent, while that planted August 15 
escaped entirely. The explanation seems to lie in the fact that the August 
plantings broke through the ground at a time when the insects had almost 
entirely disappeared, and hence they escaped infection. 

Like results were obtained in 1927, when seeds from selected healthy 
plants of ten susceptible varieties were planted on seven successive dates in 
duplicate plots numbered I and II. The planting dates were: May 20-25, 
June 6, June 10, July 1, July 15, August 1, and August 15. The results 
are summarized in table 4. These findings indicate that when the seed is 

TABLE 4 .—Further data on the relation of the date of planting to the amount of 
mosaic infection at the end of the season (19J7 trials on ten susceptible 
varieties). (Note the escape from infection of those planted 
ts May as well as those planted tn August) 


Date of planting 


Percentage of mosaic plants at end of season 




Plot I 

Plot III 

May 20-25 


0-20 

0- 40 

June 6-July 15 


50-80 

80-100 

August 1-August 15 


15-25 

15- SO 


planted early, the plants have a greater chance of escaping infection and 
suffer less damage from mosaic than when the seed is planted much later. 
Plants resulting from the May planting were vegetatively mature and in 
full blossom or podding stages when subjected to infection through insects. 
Plants subjected to infection at late stages in their growth, as was men¬ 
tioned earlier, are less seriously affected by mosaic or may even fail to pro¬ 
duce typical symptoms of the disease. The late-maturing varieties, how¬ 
ever, owing to their longer growing fend flowering periods, are hardly able 
to escape infection in the field and subsequent damage from mosaic, even 
when planted as early as May 20-26. These varieties, even though close 
to tiie flowering stage, are still growing actively when insects appear if! 
July. Thp early-maturing varieties, on the other hand, are already in the 
„ bloss om ing: or podding stages at this date. The amount of injury suffered 
by the early variation howeiter, increases with the lateness in planting date. 
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While the percentage of infection was low on the August 1 and August 15 
plantings, planting at these late dates is of no practical value under Madison 
climatic conditions, since most of the varieties would still be in the flowering 
or early podding stages in September when frosts may occur. Our results 
suggest, however, that when early or late commercial beans may be planted 
early in May, the amount of damage resulting from field infection may be 
reduced materially. 

Such plantings, even though subjected to high insect transmission and 
showing 100 per cent infection later in the season, are less injured by 
mosaic, since they will have reached the flowering or podding stage before 
infection occurs. It is probable that in other regions, also, some advantage 
may be gained if planting dates can be so regulated as to prevent the period 
of maximum vegetative activity of the bean from coinciding with the period 
of maximum aphid activity. 


SEED TRANSMISSION 

Transmission of mosaic through seeds of legumes has been reported by 
Kendrick and Gardner (13; for soy bean, by MeClintock (14) for lima 
bean, and by Dickson <5) for pea, red clover, alsike clover, and sweet pea; 
but bean mosaic provides, perhaps, the best known example of seed trans¬ 
mission of a virus disease. In their tests Reddick and Stewart (20) found 
that 50 per cent or more of the seeds from infected parents produced 
mosaic plants. Archibald 11 > and others have likewise found that bean 
mosaic is transmitted through the seed. In the present investigations, a 
great variation in the amount of seed transmission was observed in different 
varieties of commercial beans, and the percentage of seed infection also has 
been found to vary with the stage of growth when infection of the parent 
plant occurred, as will be discussed later. 

In tests made in 1928 and 1927 as high as 80 per cent of seed infection 
was found in seed of different late susceptible varieties on the market. 
Some of the seed lots from the same varieties, however, did not show’ such 
high infection. From table 5 it will be seen that, in general, the early 
varieties show much lower percentages of seed infection. The immune 
variety, Robust, and a few early varieties, showed no seed infection. 

In these studies no evidence has been found that the relative vigor or 
viability of bean seeds is affected by the presence of the mosaic virus within 
them. Seed harvested at like stages of maturity appear to germinate 
equally well whether developed on mosaic or on healthy plants. It has been 
found that part of the seeds in a single pod may be mosaic-infected and 
part may be noninfected. In such case both infected and noninfeeted 
germinate with equal readiness and vigor. This fact that the presence of 
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TABLE 5 .—Percentage of seed infection in sample* of commercial bean seed 

1927 teat 


Variety 


SNAP BEANS 

Early Vane ties 
Giant Stringleaa Green Pod 
Bountiful 
Davis White Wax 
Pencil Pod Wax 
Tennessee Green Pod 
Improved Golden Wax 
Refugee Wax 
Dwarf Horticultural 
Wardwell Wax 
Full Measure 
Golden Wax 
Bure Crop 
Black Valentine 

Late Varieties 
Roger ’s Btrmgless Green Pc 
Refugee 1000-1 
Hodson Wax 


FIELD BEAK8 

Early Marrow 

242 

15 0 

250 

30.0 

Large Marrow 

175 

5.0 

— 

— 

White Navy Pea 

— 

•— 

85 

18 0 

Mexican Bean 

— 

— 

57 

5 3 

Robust 

250 

0.0 

704 

0.0 


the virns within the seed does not influence germination has material sig¬ 
nificance as bearing on the seed transmission of the disease. 

RELATION OF HIE RTAOE OP GROWTH OF THE PARENT PLANTS WHEN INFECTED 
TO THE AMOUNT OF HEED INFECTION 

Our experiments have shown that the amount of seed infection is related 
to the stage of growth of the parent plant at which infection occurs (Table 
1). Plants arising from infected seeds or healthy plants which became in-* 
feeted during early vegetative growth produced more infected seed than 
did those which became infected at later stages. The appearance of flowers 
marks the turning j oifit in Ibis respect, since plants infected after the 
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flowers were set produced almost no infected seed. These facts are illus¬ 
trated diagrammatically in figure 7, which is based on the results obtained 
in tests of 1927. 



Fig. 7. l>mgram illustrating the relation of the stage of growth of plants at which 
infection occurs to the percentage of mosaic transmission resulting in the seed. The 
date of apjiearance of foliage symptoms was used as an indication of the stage at which 
infection took place. The period of insect actmty is indicated at the top of the 
diagram. 

A wide difference was noted between the amount of seed infection occur¬ 
ring in the earJy and the late varieties. Early varieties infected during the 
second or third com pound-leaf stage showed less seed infection than late 
varieties infected at the same stage. We believe this is due to the difference 
in relative stage of growth of the plants at the time of infection. The early 
varieties blossom and form pods at the third to fifth compound-leaf stage, 
so that plants infected at the second or third compound-leaf stage will 
be blossoming or podding when symptoms appear, and most or all of the 
seeds will escape infection. The late varieties, on the other hand, even if 
not infected until the fifth or seventh compound-leaf stage, Will show symp¬ 
toms long before the flowers are set; consequently a greater number of seeds 
will be exposed to infection. These facts may therefore explain why late 
varieties show relatively more seed transmission of mosaic than do early 
varieties. 

RELATION OF THE STAGE OF MATURITY OF THE PODS TO THE AMOUNT OF SEED 

INFECTION 

The results of a number of tests showed that, from the same mosaic 
plant, pods at different stages of maturity varied in the percentage of in- 
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fected seeds within them. This fact is illustrated diagrammatical!)' in 
figure 8. The trials were made on the late susceptible Green Refugee 



I-1 

Fig. 8. Diagram illustrstiag tlw relation of the stag? of maturity of the pod# to the 
amount of seed infection. The pods were picked on September IS, 1827, and the 
seeds subsequently tented in the greenhouse (Roger ’# String less Green l*od t. 

variety. "When the plants were infected early (third to fourth compound- 
leaf stage) a high percentage of infection was obtained from the older, 
dry, ripe pods; whereas, the pods set later, both mature and immature, 
showed a lower percentage of infected seeds. When the plants were in¬ 
fected later (fifth to seventh compound-leaf stage) there was little or n» 
seed infection in the early-set pods, but the amount of seed infection in¬ 
creased greatly in the pods set later. When infection was further delayed 
to the full-podding stage, no seed infection was found iu any of the {totls. 
This last statement is, however, based on a test with only 10 plants. 

No tests have been made with early varieties, but it is believed that these 
would give similar results, although the range of variation might be less 
because of the shorter growing and blossoming periods. 

The position of the pods on the main stem did not appear to have any 
direct effect upon the amount of seed infection. 

•ELATION OF THE DATE OP PLAKTtNO TO THE AMOI'NT OP Sfeco IMPKCTtUN 

Planting the seed at different dates influences not only the amount of 
mowfe ooeurring on the plants in the field but, also, the amount of seed 
infection in a given variety^ Since, as shown above, the amount of mod 
infection is directly correlated with the developmental stage of the plants 
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when infection occurs, this is only to be expected. Our results indicate 
that beans planted early in May have a greater chance to escape infection 
through insects, and consequently infection of the seed, than do those 
planted later, i.e., between June 6 and July 16. Varieties planted in 
May will have reached the third or fourth compound-leaf stage by the 
beginning of July when they become liable to insect infection, while those 
planted later are exposed to infection as soon as they break through the 
soil. Since it take# about two weeks for symptoms to appear after infec¬ 
tion. the plants in the May plantings, infected on or after July 1. will have 
already reached the blossoming or }>odding stage when/KJrmptouis ap]>ear 
and few or none of their seed# will become infected. Tlume planted in June 
or July are ex|x»aed to insect infection at much earlier stage# and develop 
tnosaie symptoms before the pods are set. Sueh plantings have, therefore, 
an increased chance of seed infraction 

The most favorable time for planting depend# tijxut the variety and 
the abundance of insects. In one test, early varieties planted between 
June 15 and July 15. in a field where insects were scarce, showed little or 
no seed infection at the end of the season. Where aphids are numerous 
anil infection general, such varieties have increased chance# of seed infee- 
tion as the planting date is delayed. The late varieties, however, on ac¬ 
count of their longer growing period. always yield a high jiereentage of 
infected seed, even though planted in May or June. Nevertheless, the 
amount of seed infection is lower than when the planting is done at a 
later date 

No explanation can yet lx* offered to account for the reduction m amount 
of seed infection in plants inoculated at later stage# of growth. 

CKOK#-IN«X^'I.ATlON STlDIhs 

No success has been yet obtained in many attempts to transmit the 
virus of beat! mosaic to other leguminous or nonlegiiminous hosts by va¬ 
rious methods of inoculation, nor has any infection resulted when inocula¬ 
tions were made by the usual leaf-mutilation method from mosaic-infected 
leguminous or lion-leguminous hosts to young, healthy bean plants. These 
results indicate, as suggested earlier, that the mosaic disease of the bean 
is, perhaps, specific to the bean plant, Phast o! us vulgaris . 

This idea is consistent with our observation# that the initial amount of 
mosaic development in a given bean field is directly correlated with the 
percentage of infected seed that is planted. The problem of mosaic control 
with bean mosaic is, therefore, much simpler than with those virus diseases 
where there may be various other neighboring host species. 
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RELATIVE SUSCEPTIBILITY OF THE BEAN PLANT TO MOSAIC INFECTION AT 
DIFFERENT STAGES OF GROWTH 

Our experiments and observations indicate that susceptible varieties of 
bean may be readily infected by the virus of bean mosaic at any stage 
of development except that attempts to infect seedling plants in the coty¬ 
ledonary or very early simple-leaf stage have thus far given negative re¬ 
sults. The variety Robust has not yet been infected at any stage of its 
development, either artificially or when exposed to high insect transmission 
in the field. This is in accord with its reputation for immunity from 
mosaic. Nearly all the other commercial varieties of bean have been tested, 
however, and all these are readily infected and develop leaf symptoms in 
different degrees of severity. 

SUGGESTIONS FOR TIIE CONTROL OF BEAN MOSAIC 

The studies here reported were taken up with the object of extending 
our information, not only on the fundamental aspects of the disease, but 
also on the problem of control. Our knowledge of the disease is still so 
incomplete that further studies are necessary for the elucidation of many 
points relating to the disease and its prevention. 

Since bean mosaic, so far as known, overwinters only in the seed and is 
spread from one locality to another through infected seed in commerce; 
since the spread in the field is, according to our evidence, accomplished 
largely if not entirely by aphids, and the extent of field infection is influ¬ 
enced not only by the abundance of these insect carriers but also by the 
number of plants originating from infected seed; and since the amount 
of seed transmission is related to the stage of growth when the plants are 
infected, the following methods of control are suggested as being in accord 
with the experimental results presented in this paper. 

(1) Production of mosaic-free seed should he accomplished: (a) By 
selecting for seed purposes only healthy plants. Section must be made 
before the symptoms of mosaic are masked. Plants with masked symptoms 
can, however, generally be recognized as diseased by examination of the 
lower leaves, which retain mosaic symptoms; (b) if such healthy plants 
cannot be obtained, then proceed by selecting plants infected late in the 
season, preferably those that were not infected until the early- or full-pod 
stages; (c) by establishing isolated seed {dot*. These should be planted 
with seed from carefully selected mosaic-free plants. If this is not avail¬ 
able, then use should be made of seeds carrying very low percentages of 
infection. Such seed plots should be located at some distance from other 
bean fields and. carefully watched with prompt roguing of mosaic plants 
Continued until the*bloei*i stagp; (d) if no seed plot is maintained then 
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the general field from which seed is to come should be similarly rogued 
until the blossom stage; (e) by adjusting the date of planting, if possible, 
to bring the varieties to full vegetative growth and to the flowering stage 
before insects become active. Our trials have shown that, under the con¬ 
ditions of our experimental fields, nearly complete avoidance of seed infec¬ 
tion may be attained by early planting of many excellent varieties. 

(2) Heed should be sown which is healthy or contains only a very low 
percentage of infection. It appears to be entirely feasible to test lots of 
bean seed by growing representative samples in index plots, or in the 
greenhouse, to determine the percentage of infected seed in advance of the 
time for general field planting. 

(3) Resistant varieties should be used where practicable . Robust is 
the best of these, if a white field bean is desired. In order to meet the 
needs with other types parent plant selections and hybridization should be 
encouraged. 

(4) Mosaic escape. Attention should be given to the evidence that 
either early- or late-planted beans may escape insect infection. It is note- 
worth}’ also that the late-maturing varieties suffer most; therefore, attempts 
should be made to produce varieties maturing early enough to lessen infec¬ 
tion, especially that reaching the seed, and which are otherwise satisfactory 
as to yield and quality. 

SUMMARY 

(1) Bean mosaic is coextensive with bean culture in the United States. 
It is one of the more serious diseases of the bean, since it is severe on certain 
leading varieties of both canning and field beans and is increasingly be¬ 
coming a limiting factor in bean culture in certain sections of the country. 

(2) The general symptoms and effects of the disease are described, in¬ 
cluding symptoms of plants infected during the season and plants origi¬ 
nating from infected seed. 

(3) Well-marked symptoms develop at 20-28° (\ with an incubation 
period of 8 to 15 days; a partial masking occurs at 28-32° (\, together with 
an increased incubation period; total masking occurs at 12-18° C. 

(4) Inoculation and other experiments indicate that there is only one 
mosaic disease of the bean Phaseolus vulgaris L., which appears to be lim¬ 
ited to this one host plant. 

(5) The virus appears to be present in all aerial vegetative parts of 
mosaic plants. In the seed it apparently is limited to the embryo. 

(6) No transmission of the disease has been obtained through the soil 
or through contact of roots or of aerial parts of mosaic and healthy plants. 

(7) A leaf-mutilation method of inoculation has been developed which 
has yielded from 80 to 100 per cent infection in the majority of cases. 
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Inoculation through cut roots has given infection in a low percentage of 
cases. Soaking healthy seed, whether dormant or germinating, in infective 
juice gave no infection. 

(8) The virus has been successfully transmitted by certain aphids: 
Aphis rumicis L., Myzus persicae Sulz., Macrosiphum solanifolii Ashm., and 
by a species of mealybug. Fifteen or more infected aphids per plant gave 
a higher percentage of infection than did fewer, although a single virulif- 
erous individual of either A. rumicis or Myzus persicae was found to cause 
infection in some cases. 

(9) The bean leaf hopper, Empoasca fabae Lc B., and other species of 
insects tested for bean-mosaic transmission have thus far given negative 
results. 

(10) Great variations in the prevalence of bean mosaic were observed 
in a given locality. The occurrence and amount of the disease in a field 
are chiefly determined by (a) the number of mosaic plants originating from 
infected seed which may serve as primary sources of inoculum; (b) the 
relative prevalence of aphids which may act as virus vectors. 

(11) The amount of field infection and the extent of the injury from 
mosaic can be greatly reduced by planting early enough to permit the 
plants to go through their period of vegetative activity and reach the 
blossoming stage before aphids become abundant. The amount of injury 
increases with the delay in date of planting. The late varieties, however, 
owing to their longer growing period, cannot get through the season with¬ 
out being subjected to insect transmission, thus a higher percentage of in¬ 
fection and greater injury result than with the early varieties. 

(12) Bean mosaic is usually transmitted through the seed and so far 
as known, is carried over from one season to another only in infected seed. 
Thus the spread from one locality to another is largely through infected 
seed in commerce. 

(13) A wide difference in the amount of seed transmission has been 
observed between early and late varieties, as high as 60 per cent infection 
having been found in the commercial seed of late susceptible varieties. 

(14) Seeds from plants infected during the current season do not all 
show mosaic infection. In an individual pod some seeds may be infected 
and others not. The percentage of seed infection is correlated with the 
stage of the plant when infection occufs and decreases as the plant ap¬ 
proaches the blossoming period. Plants infected after the blossoms are 
set shptf no need infection. 

(15) The viability* of the feed does not appear to be affected by the 
presence of the vpm 
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(16) The date of planting has been found to affect the amount of seed 
transmission in a given variety. Early varieties planted early are more 
likely to escape seed infection than late varieties. Both varieties, planted 
at Madison between May 20 and 25, showed less seed infection than those 
planted on June 10 or later. In general, commercial seed of early varieties 
shows less seed infection than that of the late varieties. 

(17) Plants of susceptible varieties are apparently susceptible to mosaic 
infection at any stage of their development after the early seedling stage. 
It was not found possible to obtain infection of Robust, a resistant variety. 
All other commercial varieties tested were found to be susceptible to infec¬ 
tion and showed varying degrees of severity of leaf symptoms. 

(18) The methods of control suggested are: (a) Production of mosaic- 
free seed, (b) testing of seed lots in advance and planting only seeds that 
are free or nearly free from infection, (c) the development and use of 
varieties reaching maturity early enough to escape seed infection and still 
produce good yields, (d) the development and use of resistant varieties. 

University of Wisconsin, 

Madison, Wisconsin. 
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CULTURES AND STRAINS OF THE STINKING SMUT OF WHEAT 1 
Jess R. Kienholz and F. D. Heald 


INTRODUCTION 

Stinking smut is the most destructive disease of wheat in the Pacific 
Northwest. It not only causes direct losses by destroying the wheat kernel 
but also contaminates the sound grains to such an extent that during the 
period from 1923-24 to 1927-28 an average of 36 per cent of the cars com¬ 
ing to the terminal shipping points was given a smut dockage (10). 

Prior to 1918, only Tilletia tritici (Bjerk.) Wint. was known to occur 
in the State of Washington. During 1919, an extensive survey of 631 fields 
was made of the wheat districts of Washington and only two cases were 
recorded of the appearance of Tilletia levis Kiilin, the smooth-spore smut. 
Thqse two specimens were found in Island and Lincoln counties. 

Selection of resistant strains of wheat and the breeding of new varieties 
have been carried on continuously in this region with the result that sev¬ 
eral forms have been developed which are very resistant to or immune 
from the stinking smut that has been common to Washington. Besides 
Ridit, Albit, Martin, White Odessa, and others, certain strains of Turkey 
wheat could safely be sown without the regular seed treatment and a clean 
crop expected. These strains and varieties gave much promise for the 
future elimination of smutty wheat. These same varieties remained free 
from infection in the cereal nursery at Pullman, when inoculated with 
smut common to the Pullman district. Upon examination of the material 
from Moro, Oregon, a mixture of T. tritici and T. levis was found. Wheat 
growers became alarmed at this attack on their formerly resistant wheats 
and a number of samples from Washington were received at the college 
experiment station. Examination of these showed that both species of 
smut were present, but, as certain strains of Turkey wheat were known to 
be practically immune from the common form of T. tritici , the rougli-spore 
species on these resistant varieties could only be explained by the intro¬ 
duction of a new' form of the parasite. 

Different varieties of wheat inoculated with collections of smut from 
various localities by Gaines, at Pullman, Washington, left little doubt as 
to the existence of new’ physiologic strains of the parasite in this region. 
In 1927 and 1928, quite an extensive survey of the wheat fields of eastern 
Washington was made to ascertain the distribution of the two species of 

i Published with the approval of the Director of the Washington Agricultural Ex¬ 
periment Station aa Scientific Paper No. 161, College of Agriculture and Experiment 
Station, Pullman, Washington. 

495 



496 


Phytopathology 


[Vol. 20 


smut. This survey was carried out by the accumulation of warehouse 
samples of smutty wheat during 1927 and field collections in 1928. Al¬ 
though T. tritici, the rough-spore smut, still remains the predominating 
species of the State, the smooth-spore species (T. levis) was found to be 
present in all the main wheat-growing sections of eastern Washington as 
illustrated in figure 1. 



IN EASTERN WASHINGTON 

•-•-T1ULCT1A TKITICI (OOH M OW SOUSM-gPOttP fDRH) 

Ar -TILLmA LCVIS (THt JHWTH- SPOVCD FO«n) 

Fio. 1. Map of southeastern Washington showing the distribution of the two species 

of stinking smnt 

The present work was undertaken to find a suitable solid medium on 
which to jgrow the smut and also to test the possibility of separating the 
physiologic strains by means of artificial cultures. 

HISTOBICAL SKETCH 

The eari^ work of Jjrefeld*shawed that the smuts could be grown on an 
artificial medium and be maintained through many generations. For this 
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purpose lie used various nutrient solutions. After this pioneer work, little 
advance was made in culturing smuts until Potter (5), in 1914, published 
his results on growing the head smut of corn and sorghum on a solid 
medium. This gave promise of simplifying much of the technique in cul¬ 
turing smuts and also of making possible a more thorough study of their 
life cycles, which is sometimes quite difficult with the cultures on liquid 
media. 

Sartoris (9) gives the first account of growing the wheat stinking smut 
on a solid medium in 1924. He found that a 2 per cent malt-extract agar 
was favorable for the germination and growth of the smut spores. These 
were found to germinate in two to three days and, after a period of two or 
three weeks, a mycelial mat formed on the surface of the medium. 

Reed, Stephens, Stakman and Rodenhiser, Gaines, and others have 
definitely shown that physiologic strains of the organisms causing stinking 
smut now exist in this country. In the Pacific Northwest, these forms are 
thought to have been introduced since the World War and no doubt are 
responsible for much of the increased smut present in cars shipped from 
this region within the past few years. Reed (6) has separated four dis¬ 
tinct races of T . levis and six of T. tritici by their degree of infection on 
certain wheat varieties; Rodenhiser (7), three of T. levis and two of 
T. tritici; while Gaines (3) separates four forms of T. levis and three of 
T. tritici in his tests at Pullman. Some wheat varieties remain very re¬ 
sistant to all forms of the smut tried but the majority are attacked rather 
severely by at least one form. The work on physiologic specialization of 
stinking smut, however, has hardly started. 

A recent publication by Rodenhiser (8) gives some interesting results 
on the separation of physiologic strains of cereal smuts, but strains of 
stinking smut based on cultural characters have been omitted. 

METHODS 

The process of culturing the stinking smut of wheat ^as early found to 
divide naturally into two main phases: 1, germination; and 2, growth. 

Germination 

The desired medium was first poured into petri dishes and allowed to 
solidify. The end of an unbroken smut ball was then cut off and about 
one-fourth to one-half the contents emptied into a 10 ce. sterile water-blank 
by rotating the smut ball between the fingers. (Very little contamination 
was experienced by this method, especially on media lacking the concen¬ 
trated food materials.) With a sterile pipette, about i cc. of this spore 
suspension was introduced on the surface of the medium and distributed 
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by agitating the petri dish. The cultures were then ready to be incubated 
at the proper temperatures. 

Single chlamydospores were easily obtained by the dry-needle method 
(4), substituting a fine-drawn glass hair for the steel needle. 

Growth 

After small, visible, white “ colonies ” formed on the surface of the 
medium (usually about two weeks, although this was found to vary con¬ 
siderably), they were carefully picked out with a sterile needle or fine- 
pointed scalpel and transferred to another medium more suitable for the 
growth of the organism. It is usually advisable to grow these cultures in 
flasks to retain sufficient moisture in the medium and to lessen the possi¬ 
bility of contamination because of the length of time required for growth. 
The medium in the flasks was usually slanted slightly because of the ten¬ 
dency of some cultures to form an abundance of sporidia which might 
easily fall off and be a means of differentiation later. Better growth will 
usually take place when only enough agar is used to properly solidify the 
medium, the extremely hard media apparently withholding much of the 
necessary moisture and slowing dow f n the spread of the colony. 

When the cultures once become well established in test tubes or small 
flasks, the quantity of inoculum may be materially increased by intro¬ 
ducing sterile w*ater into them and transferring a portion of this sporidial 
suspension to a larger surface of the medium in a large flask and incubating 
the cultures at the proper temperature. 

RESULTS 

Germination 

Attempts to follow the methods of germination outlined by Sartoris (9) 
usually gave poor results. Most of the collections of smut used by the 
writer failed to produce sporidia when planted on 2 per cent malt-extract 
agar. Various media were then tried in an attempt to find one that w r ould 
give more uniform results. The optimum temperature for germination was 
found to be between 18° and 20° C., but many spores germinated through 
quite a range of temperature. Good results were obtained at temperatures 
near 10° C., although the process of. colony formation was considerably re¬ 
tarded, while some germination and subsequent growth even took place 
at room temperature (25° C.). The latter temperature usually caused the 
media *to dry'out however, before the sporidia would form. The various 
media used and tnwr effect upon the germination of the smut spores follow: 

1. 2 'per cent nuftt-ewtract agar or gelatine . ^Different collections of the 
smut varied greatly#* theii^ ability to germinate on this medium, the major- 
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ity of those tried failing to produce sporidia. In these cases, if the chlamy- 
dospore germinated at all, the proycelium would rupture before sporidial 
formation, allowing the contents of the cell to exude in a granular form, 
or a short promycelium would develop which degenerated before attaining 
much length. In this latter case, the form of the promycelium usually 
became irregular and warty, in contrast to the smooth, straight walls of the 
usual type. 

2. Carrot-2 per cent dextrose agar. This medium which Potter found 
to be suited to the germination and growth of the head smut of corn also 
gave poor results with the stinking smut of wheat. Most of the spores 
would germinate, but these usually produced a thickened and much-branched 
promycelium which failed to produce sporidia. The contents in many of 
the tip cells of this branched system degenerated, being successively cut off 
by a septum (Pig. 2, A.). Sporidia formed verj- rarely, but when they did 
occur these would then form the colony growth in the usual manner. 



Fig. 2. Germination of spores of Ttllclta tritict: A, after eleven days on carrot 2 per 
cent dextrose agar; B, after twelve days on soil-extract 
agar plus 10 per cent kaolin 


3. Potato-2 per cent dextrose agar . The ability of the smut spores to 
germinate on this medium varied greatly also. Some plates produced many 
of the small white colonies after a few weeks, while others practically failed 
to even germinate. It was not definitely determined whether certain strains 
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of the organisms exhibited any constant difference in this respect, but some 
indication of this seemed possible. 

4. 25 per cent cod-liver oil agar , Colonies of the organism formed on 
this medium and the majority of the spores germinated, but the process of 
sporidial formation was retarded at least one week. The promycelium be¬ 
came longer and more vacuolate and the resulting sporidia fewer in number 
or smaller. It was not considered useful for germination. 

5. Plain agar . Quite uniform germination took place when plain agar 
was used, and this proved to be one of the best solid media of those tried 
for the germination of the spores. A few difficulties were encountered 
which remain inexplicable, but, generally, a high degree of success was 
obtained. It was found that the medium containing at least 20 grams of 
agar per liter w^as more satisfactory than one containing less because of 
the tendency for the moisture to collect around the petri-dish cover, which 
shut off some of the supply of essential oxygen. The harder medium tended 
to retain much of this moisture. 

It is advisable to add 3 or 4 grams of common salt per liter to the 
medium when only a few spores are to be introduced, as this prevents much 
of the “exploding” of the cell contents, apparently by keeping the cell-sap 
concentration in the promycelium more nearly equal to that of the sur¬ 
rounding medium. The exact coefficient was not determined, however. 
Many of the spores germinate in two days, while others require several. 
After about two weeks the small colonies form and are then ready to be 
transplanted to the medium more suitable for growth. 

6. Soil-extract agar. Seventy-five grams of garden soil was placed 
within a funnel on filter-paper, and 500 cc. of boiling water was allowed 
to filter through. To this, 20 grams of previously prepared agar was added 
and the volume made up to 1 liter. 

This medium proved the most useful for germinating the stinking smut 
spores. It seems to furnish the essential constituents of the soil where the 
spores naturally germinate, although the extract of peat soils would prob- 
bly be unfavorable for germination because of the large amount of soluble 
organic material it contains. Clay soil extracts are not as good as those 
from loam soils but they do furnish a satisfactory medium. 

The spores germinate* Within a few days, according to their individual 
peculiarities, and form the small colpnies in about two weeks. At least 90 
per cent germination has respited ki most cases, although certain cultures 
were not so prolific. This was probably a result largely of the collected 
nfoistqre around * the petri-dish covers, however, which prevented the en¬ 
trance of air, rather than heisg a fault of the medium. No special tests 
were made t<f determine haw tofig the smut spores would retain their vitality, 
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but one collection five years old gave over 50 per cent germination on this 
medium. 

Some chemicals were added in small amounts to this medium, as calcium 
nitrate, kaolin, and others. Most of these when added in small quantities 
caused an *‘over-stimulation,” and the promycelium was often queerly 
branched, as shown in figure 2, B. The sporidia were rarely formed under 
these conditions until the promycelium had become much branched and 
septate and the cell contents nearly depleted. 

Single-spore isolations 

The results w f ith single-spore isolations have been very discouraging. 
From some hundred single spores isolated, only tw*o spores formed the 
sporidia and subsequent colonies. Spores from the same smut ball when 
introduced onto the medium in larger numbers, however, gave a high per¬ 
centage of germination and growth. Sartoris (9) states that his cultures 
were started from single spores on the 2 per cent malt-extract agar. The 
spores send out the promycelium which soon bursts, and the granular cell 
contents escape, leaving an empty cell, which finally disappears. 

The two spores which formed the sporidia and colonies from the single 
spores developed on the soil-extract agar. It is possible that, if the proper 
dilution of salts is present in the medium, much of this difficulty would be 
overcome, but further experiments are necessary to determine this point. 

As previously stated (see Methods), these spores were easily obtained 
by the dry-needle method. The spores were “puffed” onto the slide from 
small pieces of paper upon which part of a smut ball had been crushed or 
broken. Contamination was rarely experienced with this method. 

Growth 

After colony formation in petri dishes, it whs found advisable to trans¬ 
fer the cultures to 50 cc. flasks (or other suitable containers) containing 
about 25 cc. of medium. The medium in the petri dishes dries so rapidly 
that growth in the plate cultures is soon arrested. The optimum tempera¬ 
ture for the growth lies near 20° C., although fair growth results through 
a range of temperatures from 10° to 40° C. 

Cultures of stinking smut differ from most of the smuts that have been 
cultured previously, mainly in the length of time they require to reach an 
appreciable size and the low r er temperatures needed for optimum growth. 
A month usually was necessary after their transference from the petri 
dishes to attain a diameter of one-half inch. This characteristic varies con¬ 
siderably with the various strains of the organisms, the above figure being 
more nearly an average growth. The slower-growing forms of T. tritid 
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were smaller than the corresponding forms of T. levis , while the faster-grow¬ 
ing types of both species exhibited similar relations in culture, as shown in 
figure 3. 



Pig. 3. Thirty-day-old flask cultures on potato-4 per cent sucrose agar of the fastest and 
slowest growing strains: A, TtlltUa levu; B, T. tnticx. 

Growth was found to consist of two distinct forms according to the type 
of medium upon which the cultures were planted. Although all cultures 
grew similarly for a period of ti$e, all media containing added sugars 
generally caused the growth to become heaped after a period of several 
weeks, a character not found in media to which no sugars were added. This 
heapeij type of growth, which is especially noticeable in cultures of T, tritin 
more often than the other species, is composed of compact mycelial threads, 
pseudoparehchyiaatous A nature, and may often reach a thickness of 
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nearly an inch in the older cultures of some types. The growth on the 
media containing no added sugars remained flat, and, if lifted from the 
surface of the medium with a needle, appeared much like the membrane 
of an egg and had a similar consistency (Fig. 4). 



Fig. 4. Flask cultures showing the effect of nonsugar medium, and sugar-containing 
medium on type of growth: A, on wheat-seedling agar; 

B, on potato-sucrose agar. 


Many of the cultures exhibited the phenomenon of forcible discharge, 
already noted by previous workers (1), this being evident by the scattered 
colonies forming in all directions from the original planting on a slanted 
medium. 

Some of the media tried and the growth characteristics exhibited by the 
same strain of smut will be listed to give a general idea of the type of 
growth that may be expected with other media. 

Nonsugar media 

1. Wheat-extract agar . This medium was made by presoaking 60 
grams of wheat seed over night in water, boiling in a cheesecloth container 
for a half hour the following day, and draining off the extract. This was 
generally filtered through cotton, after which 14 grams of agar per liter 
was added. 

Growth consists of a flat surface type of rather thin consistency but 
quite favorable for rapid development. Media made from the extracts of 
five varieties of w’heat, namely, ltidit, Turkey, Jenkins Club, Triplet, and 
Hybrid 128, caused no noticeable variation of growth with the same transfer 
of smut. It is concluded that, if any chemical or enzymatic resistance is 
present in these varieties, these principles are broken down during steriliza¬ 
tion processes. 
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2. Wheat-seedling agar . Two hundred and fifty grams of young wheat 
seedlings w T ere allowed to soak in warm water for several hours, the mass 
then being pressed out through cheesecloth. Eighteen grams of previously 
prepared agar was added to this and the volume made up to 1 liter. 

The medium caused a flat colony of rapid growth which was of a more 
powdery consistency than the growth on the other nonsugar media tried. 
Because of the difficulties entailed with its making, however, it is not con¬ 
sidered practical for general use. 

3. Starch solution plus agar. This medium produced a very thin, slow 
growth and was not considered of value in this work. 2 

4. Heavy oatmeal agar .—(Unstrained.) This constitutes the best 
medium of this general class, especially upon which to carry stock cultures 
in test tubes. Growth was slightly more rapid; a flat, fairly powdery 
colony developed; and subcultures were more easily made than from most 
other media. The oatmeal juice used by the writer was thick enough to 
be sufficiently solidified with 6 grams of agar per liter. (100 grams of 
rolled oats cooked in 500 cc. of water and squeezed through cheesecloth.) 

Media with added sugars 

1. Two per cent malt-extract agar . Good growth takes place on this 
medium, but it is not quite so rapid as that on some of the others. The 
surface of the culture tends to become somewhat more loosely arranged, 
giving it a more cottony appearance. 

2. Carrot-2 per cent dextrose agar. The growth is similar to that on 
malt-extract agar. 

3. Potato-2 per cent dextrose agar. The culture tends to become some¬ 
what heaped or more ruffled than in the two preceding media, with the sur¬ 
face growth more compact, giving the culture a glossy or waxy appearance. 
Growth is rapid and the medium is considered among the best tried. 

4. Potato-4 per cent sucrose agar. It was found that sucrose used in 
the same proportions as dextrose w T as slightly more favorable for growth. 
This medium was generally adopted for the remaining experiments because 
of its differentiating properties. More rapid growth resulted on this 
medium than on any other of this general class. 

5. Soil-extract agar plus 2 per cent.dextrose. Fair growth developed, 
but the medium is inferior to most of the others for experimental w’ork. 

6. Synthetic asparaginate agar. 9 A growth similar to that on potato- 
dextrose agir results but develops somewhat slower. 

* See Hsnhberger, A Ttetbook of Mycology and Plant Pathology, p. 610. 1917. 

* Bee Waksman, B. A. Principle of Boil Microbiology, p. 16. Williams A Wilkins 

oo. f ust. 
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7. Sartoris’s synthetic agar . (9) This medium causes a growth 
about equal to potato-dextrose agar but of a slightly different type. The 
surface of the culture tends to become more velvety at first or slimy later 
and less furrowed (in this strain) and appears generally more loosely 
arranged. 

Several original synthetic media were tried, but, as results with them 
have been no better than with those already mentioned they will not be 
given. 

Results with form collections 

It must be stated at the outset that the work on physiological forms is 
not conclusive. Only a beginning could be made in one year’s time, and, 
since much preliminary work was necessary with both the culturing and, 
later, the individual strains, perhaps this point can be more fully appre¬ 
ciated. 

The collections of smut used for these experiments were largely obtained 
from two sources; forms of T. levis being those used by Dr. E. F. Gaines 
in his field experiments at Pullman, Washington, while T. tritici was mostly 
taken at random from the collections made jointly by Marion Griffiths 
Zehner, of the United States Department of Agriculture, and the writer, 
in eastern Washington. One sample sent from the University of Halle- 
►Salle, Germany, and the specimen of bunt collected by Gaines on rye also 
were used. 

Growth of the cultures showed very little difference on the nousugar 
media, and even some of those containing added sugars failed to differen¬ 
tiate the various collections of smut grown on them. Potat<>-4 per cent 
sucrose agar, however, was found very useful for this purpose and was 
generally adopted, although cultures on other media were also made simul¬ 
taneously for comparison. Of the media tried, those having the best differ¬ 
entiating properties for wheat smut were, potato-4 per cent sucrose agar. 
potato-2 per cent dextrose agar, oatmeal-3 per cent dextrose agar, and 
Sartoris’s synthetic medium, in the order named. 

Preliminary cultures of the above collections yielded five distinct forms 
of each species (Figs. 5 and 6), but conflicting changes have appeared in 
subsequent transfers. It appears that with each successive transfer the 
growth of the colony usually takes place more rapidly, tends to become 
more heaped or mycelioid, or some other modification results. How long 
these changes would continue to occur is not know r n, nor w'as it determined 
whether the original transfers from the petri dishes would show' constant 
characters upon starting their growth. Dickinson (2) found in his W'ork 
on the oat smut that eight single sporidial isolations from two different 
promycelia gave as many different types of cultures, so it becomes a matter 
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Thirty-day-old cultures of five different collections of THUtxa levts on potato 4 per cent sucrose agar 
Nos 6, 2, 10, 7, and 1, from left to nght (See tabulation.) 
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Pio 6 Thirty- day old cultures from live different collections of Titletxa trittcx on potato 4 per cent sucrose agar 

Nos 7, 10, 4, 2, 0, from left to nght (See tabulation ) 
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of speculation when one deals with cultures of stinking smut which were 
not even derived from single chlamydospores. Several transfers of one 
form would vary slightly when handled under identical conditions, 
although in some strains this variation appeared to be more pronounced 
than in others. The results obtained with these preliminary cultures may 
give some idea of the difficulty encountered in trying to segregate physio¬ 
logic forms by means of cultural methods. 

Cultures one month old grown on potato-4 per cent sucrose agar and 
incubated at a temperature of about 20° C. (in a specially constructed 
compartment under an ice box which was cooled by means of the drip 
water) were used for comparison. Due to the lack of space, only a limited 
number of cultures could be grown at once, and there was also a chance for 
slight fluctuations in temperature. 

Since the different strains isolated did not show a constancy of cultural 
characters in the transfers following the original series (Pigs. 5 and 6), it 
will not be of particular value to give the detailed description of their 
behavior. A tabular outline of the cultural characters of the five strains 
of T. levis and the five strains of T. tritici will, however, be presented in 
order that a better idea may be gained of the variations (Tables 1 and 2). 
Under each culture number the first description applies to the first series 
of cultures, the characters being based on 30-day-old cultures on potato-4 
per cent sucrose agar; while the second description is based on transfers 
made later from these original cultures and grown to equal age on the same 
kind of medium and under the same temperature conditions. It may be 
noted that there were variations in rapidity of growth, color and compact¬ 
ness of the cultures, color of the medium, topography of the cultures, and 
sporidial production. 

SPORE CHARACTERS OF THE FORM COLLECTIONS 

The spores of the smuts used in these experiments were carefully 
examined for any minute characters which might be used to separate the 
strains by microscopic methods alone. The smooth-spore strains showed 
many irregularities in this respect even when taken from the same portion 
of the smut ball. Some were quite round, others oblong, or extremely 
irregular in outline. No constant difference could be found between the 
spores of the various collections. 

Spore characters in the rough-sport strains were more pronounced. 
The spores from the various collections varied from those having coarsely 
reticulate walls to those in which it was difficult to determine whether the 
reticulations were present on the epispore or the inner membrane. One 
oOuld hardly keep from ielieving that some of the spores were the result 



TABLE 1 .—Summary of the characters of the original cultures and subsequent transfers of Tilletia levis on potato-4 per 

cent sucrose agar at the age of one month (Fig. 5) 
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TABLE 2 .—Summary of the characters of the original cultures and subsequent transfers of Tilletia tritici on potato-4 per 

cent sucrose agar at the age of one month (Fig. 6) 
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•The upper spaces are the original cultures; lower spaces, the subsequent transfers. 
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of crosses between the two species. The differences in spore characters of 
these various collections, however, did not show the degree of constancy in 
the cultures obtained from them. 

Generally, it may be said that the spores of T. tritici appeared circular 
in outline and showed the characteristic wall markings, while those of 
T. levin tended to be more oblong or irregular. It was with extreme rarity 
that both species or what appeared to be a mixture of forms occurred in the 
same smut ball. 

inoculations using puke cultures 

Since it w*ould be of value in the study of the smut problem to be able 
to make inoculations by the use of pure cultures, some preliminary tests 
were made. Four pure cultures were used: Two of T. levis (see L 1 and 7 
in Table 1) and two of T. tritici (see T 10 and 2 in Table 2). The cultures 
were increased by introducing sterile water into cultures in small Erlen- 
meyer flasks, similar to those shown in figures 5 and 6, and making a sus¬ 
pension of sporidia. A few cubic centimeters of this suspension were then 
added to the surface of the medium (potato-4 per cent sucrose agar) in 
2,000 cc. flasks, which soon gave a copious growth completely covering the 
surface of the agar. Two varieties of wheat, Bluestem and Khapli, knovm 
to be susceptible to the strains of T. levis , and two varieties, Jenkins Club 
and Spring Federation, known to be susceptible to the two strains of 
T. tritici , were treated with formaldehyde and allowed to dry. Suspen¬ 
sions were made from the large cultures and taken immediately to the field 
and used at once for inoculating the seed samples which were planted while 
still moist, ltod rows were planted in duplicate and one half of each 
planting was drenched with the remaining sporidia! suspension before 
covering to give an added opportunity for infection. There was no smut 
whatever from any of the culture inoculations or in the formaldehyde 
treated checks, while adjacent plantings using ground smut gave an average 
of 53 per cent of smut. These results are in agreement with the findings 
of Sartoris (9). No explanation for failure to obtain infections W’ith 
cultures can be offered unless there is a requirement of mingling of two 
different cultures. 

SUMMARY 

1. The smooth-spore stinking smut (T. levis) has become generally dis¬ 
tributed over the w’heat sections of eastern Washington and readily attacks 
many of the wheat varieties resistant to the rough-spore species ( T . tritici). 

2. It is apparent that physiologic forms of this species and also the 
rough-spore smut, common to this section, likewise exist and greatly com¬ 
plicate control measures against these serious parasites. 
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3. Culturing of the organisms is greatly facilitated by dividing the 
process into stages: (1) Germination; (2) growth after germination. 

4. Plain agar or soil-extract agar are the most suitable media of those 
tried for germinating the smut spores. 

5. Media containing added sugars usually cause a heaped type of growth 
to form, while in those containing no added sugars the cultures remain flat. 

6. Potato-4 per cent sucrose agar was found to be the medium best 
suited to differentiating the form collections of smut. 

7. Different collections of smut exhibited various types of growth, but 
these differences were not constant in subsequent transfers; hence, it was 
not possible to segregate physiologic strains by cultural characters alone. 

8. Spore characters were not correlated with the differences exhibited 
by these forms in culture. 

9. Inoculations made under field conditions using pure cultures of 
T. levis and T. tritici were unsuccessful, as not a single smutted head 
resulted. 

Department of Plant Pathology, 

State College of Washington, 

Pullman, Wash. 
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GRAY LEAF SPOT OF TOMATO CAUSED BY STEMPHYLIUM 

SOLANI, SP. NOV. 

George P. Weber 

In the summers of 1924 and 1925 the writer observed numerous small 
spots on the leaves of declining tomato plants in the vicinity of Gainesville, 
Florida. At that time no indication of a sporulating parasite could be de¬ 
tected with a hand lens on either surface of the leaf. Similar spots were 
observed again on tomatoes in the field in the spring of 1926 in Manatee 
County. Specimens were collected and laboratory examination revealed 
spores on the lesions on both surfaces of the leaves. Further observations 
within the past three years showed that the disease was more or less general 
on tomatoes in various stages of development from the seed bed through the 
harvesting period. The disease was found in destructive form in seed beds 
in the vicinity of Palmetto. Later in the season a survey showed it wide¬ 
spread in the county, and in several instances it was causing heavy losses. 
A specific 30-acre field at Terra Ceia was a total loss because of this disease. 
Infection had occurred early in the seed bed and was carried to the field on 
the plants. No marketable fruit was obtained from this field. The disease 
was observed in destructive form on the lower east coast of Florida during 
the season of 1929, where it caused more damage to tomatoes that year than 
any other disease. Since the disease has been collected in these three widely 
separated sections, it would be only natural to suspect that it has a more or 
less general distribution in Florida. From the economical viewpoint it is 
of considerable importance both in the seed bed and in the field. 

DESCRIPTION OF TIIE DISEASE. 

So far, both in the seed bed and in the field, the disease has been found 
limited almost entirely to the leaf blades. Under very favorable conditions 
occasional lesions have been observed on the petioles, but no infection has 
been found on stems, branches, or fruit. 

Serious infections in the seed bed results in marked defoliation of the 
plants without conspicuous yellowing. In the field, however, the yellowing 
of the lower leaves after the spots develop is a conspicuous symptom. The 
disease advances rapidly from the lower leaves to the growing tips of the 
branches. The affected leaves die rapidly, become brown, and are shed. In 
severe cases all of the leaves are shed, except small infected leaves at the 
growing tips of the branches, where the development of new leaves and the 
destruction of them by the fungus have apparently come to a balance. 
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Gray leaf spot first appears as minute brownish black specks. In light 
infections there may be one to several spots on a leaflet, or in severe infec¬ 
tion they may be so thick that half the entire surface of the leaf blade is 
occupied by these tiny spots less than one millimeter in diameter. These 
spots are occasionally marginal and in such places are somewhat elongated 
or irregular in outline. On other portions of the leaf the spots are more or 
less circular, slightly sunken when observed from either surface of the leaf, 
and variously scattered over the blade without any apparent restriction by 
the veins. The individual spots show simultaneously on both surfaces of 
the leaf and are surrounded by a narrow halo band when viewed with trans¬ 
mitted light. With reflected light, there is a sharp contrast between the 
brownish spot and the normal green of the leaf blade. The smallest spots, 
barely visible, measuring fa to £ mm. in diameter, do not usually show this 
sharp line of demarcation between the diseased and healthy green tissue. 
At this time there is no apparent yellowing of the leaf. As the spots en¬ 
large the central killed area changes from a brownish black to a grayish 
brown and the color contrast between the healthy and diseased tissue be¬ 
comes pronounced. The whole spot becomes somewhat shiny or glazed. 
These changes continue until the spots attain a size of about 2 mm. in 
diameter. By this time, there is. in most cases, a definite yellow' area ap- 
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FrtS. 1. Greenhouse tomato plants Showing: A, noninoculated check plant. B, inocu¬ 
lated pl4nt showing gAyspot disease after six days. C, tomato leaf 
Showing natural infection by Stemphylium aolani . 
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parent around the larger spots (Fig. 1, C). Spots are seldom found with 
greater diameter than 2 mm., except on the very oldest leaves near the base 
of old plants. Under such conditions, individual spots may attain a diame¬ 
ter of 4 mm. or more. As the centers of the spots dry out they often crack 
from side to side and form various patterns. The central area may break 
away entirely from the leaf, leaving holes of various diameters and with 
jagged edges in the center of the individual spots, which gives a shot-hole 
appearance to the leaf when viewed in its entirety. It is often in this stage 
that the yellowing of the entire leaflet becomes most conspicuous, especially 
if the infection is severe. This condition is followed in quick succession by 
wilting and drooping and eventually dying and shedding of the leaves. 
The spores have not been found on the diseased areas until the upper sur¬ 
face of the spot show's the grayish brow n color and the glazed or shiny sur¬ 
face. They are readily found after that, appearing first on the erect conidio- 
phores in the central portion of the spot on the lower surface of the leaf 
blade. As the spot ages and eventually cracks and falls away, the fruiting 
area increases and the eonidiophores are found almost on the blackish mar¬ 
gin and on both surfaces of the leaf. Occasionally, on the older, somewhat 
yellowish leaves that are more or less shaded at the base of the plant and 
appear to be subnormal in their functions the spots coalesce, involve, 
and kill large areas of the leaf blades, which become brown and dried. The 
individual spots on these leaves have been found as large as $ cm. in diame¬ 
ter, but such development is not common. In contrast with other leaf spots 
of tomatoes, caused by species of Aiternaria, Macrosporium, and Phoma, 
the Stemphylrmi spots are small and more regular and evenly distributed 
and do not enlarge rapidly. They are almost circular and of a uniform 
grayish browrn over the killed area, and show' no concentric zonation as is 
characteristic of spots formed by species of the three genera mentioned 
above. Spots caused by Cladosporium sp. differ from gray spot in that 
they appear as large yellow blotches on the upper surface of the leaf imme¬ 
diately above the infection on the lower surface, and the spots caused by 
Septoria sp. differ in that they usually show a light colored central area or 
frog-eye spot that is more or less speckled with black pycnidia. 

PATHOGENICITY. 

Isolations of the fungus were made from typical leaf lesions collected in 
the field by plating our surface-disinfected leaf sections, by pouring dilution 
plates of a water suspension of spores, and by mechanically removing single 
spores from the lesions and planting them on poured potato-dextrose-agar 
plates. Germination of the spores and growth of the mycelium w'ere rapid 
and conidia were produced in profusion. 
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The conidia produced from single-spore cultures were used in water sus¬ 
pensions for inoculation experiments. The spore suspension was atomized 
on leaf blades, petioles, and stems of potted tomato plants 8 to 10 inches 
high. After they were inoculated the plants were placed in a moist chamber 
for 36 hours and then placed on a greenhouse bench. Check plants were 
treated in a similar manner except that water was atomized on them instead 
of the spore suspension. After 48 hours signs of infection were visible on 
the inoculated plants and the spots developed rapidly during the next 4 
days. Six days after inoculation some of the lower heavily infected leaves 
began to yellow, droop, shrivel (Pig. 1, B), and finally shed. Eventually 
all leaves that were inoculated were shed, leaving only several small leaves 
at the tip, which had developed since the inoculum was applied. Isolations 
were made from the lesions produced by inoculations and the characters of 
the fungus obtained were indistinguishable from those of transfers of the 
original culture used for the inoculations. Inoculations were made with the 
reisolated fungus and symptoms of the disease w*ere produced on the tomato 
leaves similar to the symptoms resulting from the first artificial inoculation. 
Further inoculations were made with conidia from leaves collected in the 
field and with conidia produced in pure culture to compare symptoms of the 
disease produced. The disease produced in each case was essentially the 
same. Other cultivated hosts determined by artificial inoculation (4) are 
Capsicum annuum, Solatium melongena and Physalts pubescens. 

As previously mentioned, this disease is distinct from other leaf spots 
found on the leaves of tomatoes. The fungus is different in most essential 
points from any other fungus reported as parasitic on tomato plants. Fur¬ 
thermore, none of the available descriptions of parasites producing muri- 
form spores seems to fit the species. Because of the existing varying descrip¬ 
tions of the genera Altemaria, Macrosporium and Stemphylium (2, 3), 
one is in doubt as to the correct position of this fungus. In this case, how¬ 
ever, the writer will follow Elliott (1) and place the fungus in the genus 
Stemphylium and, since it is essentially different from known species, will 
describe it as a new species. 

Stemphylium solani, sp. nov. 

Hyphae variously branched, septate, and intercellular. A dense growth 
is made on various media with a conspicuous and abundant production of 
conidia. Conidiophores dark, septate, slightly larger than the infertile 
hyphae, rigid, 130-200 p x 4-7 p, swollen tips and with irregularly shaped 
bases. Conidia produced acrogenously on simple septate conidiophores on 
the host and on potato-dextrose agar after 6-10 days. In older cultures 
conidiophores become branched and conidia appear pleurogenous; primary 
conidia often germiftale in stlu, produced 1 to 8 secondary conidia and occa- 
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Fig. 2. Camera-lucida drawings of StcmphyUum aolant showing: A, conidia from host, 
(1) young, (2) mature (typical), (3) old. B, Conidiophores from host. C, 
Conidiophores and attached conidia from culture. D, Mycelium from culture. 
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sionally tertiary conidia slightly smaller than the secondary conidia. Oon- 
idia muriform, fuscous to very dark, oblong-rectangular, more or less 
rounded at ends or one end often somewhat pointed, several longitudinal 
septae, constricted near medial septum, other septations more or less irregu¬ 
lar, transverse septae several to many, depending on age of conidia. Wall 
smooth when young, slightly reticulate after maturity, 50 per cent or more 
of conidia 45-50 p x 20-23 p, average 48.08 p x 22.43 p (Fig. 2). Ascigerous 
stage of fungus not known. Isolated from leaves of Globe, Marglobe, and 
Earliana tomatoes. 

Type material in Florida Agricultural Experiment Station Herbarium. 
Department op Plant Pathology, 

Florida Agricultural Experiment Station, 

Gainesville, Florida. 
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THE EFFECT OF GRAFTING ON RESISTANCE AND SUSCEPTI¬ 
BILITY OF TOMATOES TO FUSARIUM WILT 

Ci'RTis May 

The literature on the subject of grafting in relation to the passage of 
elaborated substances from scion to stock or vice versa indicates that in 
some plants certain materials may be transferred without alteration. 

Colin and Franquet (1) found that inulin was changed to sucrose when 
it passed the graft layer between artichoke and sunflower. Grafe and Lins- 
bauer (2) demonstrated that nicotine passed from Xicotiana iabacum to X, 
affinis , increasing from nil in the ungrafted .V. affinis to 1.67 per cent in 
grafted plants. Javillier (3) reported that atropine passed from a bella¬ 
donna scion to a potato stock, and Laurent (4) found that the same transfer 
took place when belladonna was grafted on tomato. 

Leach (5) has reviewed some of the recent work regarding the effect 
of grafting on disease resistance in plants. Koach (6) concludes from graft¬ 
ing experiments that the reaction of any potato tissue to wart disease is 
innate in the individual cells and is not transferable except by cell division. 

Most of the work on hydrogen-ion concentration and buffer action, tan¬ 
nins, and carbohydrates in relation to disease resistance supports this con¬ 
clusion. Or, as Leach (3) points out, the factor or factors conferring im¬ 
munity or resistance, if transferable, lose their identity in the cells receiving 
them. 

In the experiments reported here a parasite which causes a systemic 
disease is involved. If some specific transferable substance is responsible 
for resistance or suceptibility, it seems that it should be demonstrated in 
this type of disease by reciprocal grafts of resistant and susceptible varie¬ 
ties. 

Two varieties of tomato. Bonny Best, very susceptible to wilt, and Nor¬ 
ton, a resistant variety, were used in the experiments. 

When the plants were from four to six inches tall they were approach 
grafted. The unions were wrapped witli raffia. The wounds healed in 
about ten days, after which the root system of one and the top of the 
other of a pair of plants were severed. A number of reciprocal unions were 
secured. In about two weeks some of the grafted plants were transferred 
from the sterile soil in which they were growing to soil inoculated with 
Fusarium lycopersici Sacc. At the same time nongrafted plants of each 
variety were planted in the contaminated soil. Checks of both varieties, 
grafted and nongrafted, were left in the sterile soil, and a temperature of 
approximately 30° C. was maintained. 
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The “Norton scion-Bonny Best-stock 99 plants began to show symptoms 
of wilt 26 to 30 days after they were planted in the inoculated soil. A 
week to ten days later the leaves were badly wilted and the plants were 
obviously dying. The plants of the reciprocal combination grew larger and 
showed no signs of disease at this time. Nongrafted Bonny Best plants 
developed wilt at the same time and nongrafted Norton plants remained 
healthy. Both grafted and nongrafted check plants, grown in sterilized 
soil, developed no disease. 

The root systems of these two plants were very different. The Bonny 
Best roots were badly infected and not so extensive as the healthy and 
abundant Norton roots. 

The vascular bundles of the Bonny Best stock were discolored up to the 
point of union with the Norton. Here the fungus had crossed into the 
Norton and progressed a little way up the stem. However, the discolora¬ 
tion in the Norton bundles was not so pronounced as in the Bonny Best 
bundles immediately below them, and it disappeared about four inches 
above the graft. The vascular system of the Norton stock-Bonny Best-scion 
combination was apparently healthy. 

It is evident that the Bonny Best scion did not materially alter the 
resistant property of the Norton stock. Likewise, the Norton scion did 
not confer resistance to the Bonny Best stock. Moreover, after infection 
took place in the Bonny Best stock, the fungus was able to cross the graft 
layer and pass into the tissues of the Norton section of the plant. How¬ 
ever, the entire plant was distinctly subnormal. This ma} F account, in part 
at least, for the growth of the fungus in the resistant scion. In addition, 
the resistance of the Norton variety to Fusarium wilt is relative. Under 
some unfavorable growing conditions or at the end of the season this 
variety becomes diseased. 

In another experiment a plant of Norton and one of Bonny Best, 
grown in sterile soil, were grafted about 3 inches above the ground line. 
After union was complete the two plants were transferred to Fusarium- 
infected soil, where they grew high (30° C.). After three weeks the Bonny 
Best top began to show signs of wilt, while the Norton was quite healthy. 
A week later the Bonny Best top had entirely wilted down. The Norton 
top was then showing the first symptoms of wilt. On dissection, the Bonny 
Best Showed vascular discoloration throughout its entire length. The 
Nor^pn Jiad discolored bundles above the graft, but not below. On cutting 
cross sections through the region of the graft it was evident that the infec¬ 
tion Came* up thtougn the Bonny Best side and passed from it into the 
♦Norton at Ihe petal dfcunio^. 

Field and frtautause experience has demonstrated that wilt-resistant 
varieties of tomatoes become infeotfld with the wilt pathogene near the end 
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of the growing season. In the work reported here it did not gain entrance 
through the roots of the resistant variety. However, once established in the 
vascular system of the susceptibility variety, it was able to enter and grow 
in the vascular bundles of the resistant one. The question of localization 
of resistance in certain cells at once presents itself. 

The experiments indicate that the cause of resistance or susceptibility 
of tomatoes to Fusarium wilt either is not transferable or loses its identity 
in the cells which receive it. 

Ohio Agricultural Experiment Station, 

Wooster, Ohio. 
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VARIETAL SUSCEPTIBILITY OF THE PEONY TO 
BOTRYTIS PAEONIAE 

Roger Winters 


During the season of 1929, dusting experiments on peonies were made 
at the Cornell University Test Gardens in an effort to control the Botrytis 
blight, Botrytis yaeoniae Oud. During the course of these experiments it 
was noticed that some varieties appeared more susceptible to the disease 
than others. At the suggestion of Professor H. H. Whetzel, notes on varie¬ 
tal susceptibility were taken. These were taken during the last week in 
June, while the plants were in bloom. Four empirical degrees of suscepti¬ 
bility were recognized: Resistant, moderately resistant, susceptible, and 
very susceptible. Plants showing a total of not more than three infections 
on leaves and flowers were classed as resistant; plants showing not more 
than six infections were classed as moderately resistant; those showing 
more than six infections, but not so seriously affected as to render the 
flowers a complete loss from the commercial standpoint, were classed as sus¬ 
ceptible; and those so seriously affected that the flowers were commercially 
useless were classed as very susceptible. 

The peony plot in the Test Gardens contains a large number of varieties, 
but only two plants (or occasionally four) of any given variety were 
planted side by side. Thus most of the data given below' are based on 
observation of but two plants. However, the two plants of each variety 
invariably allowed comparable degrees of susceptibility, and, furthermore, 
it was not uncommon to find a very susceptible variety growing practically 
in contact with a resistant variety, which indicates that the amount of 
infection was dependent on varietal susceptibility and not on local con¬ 
ditions. The data presented cover a single year’s observations only. With 
the above facts in mind, the following grouping of varieties according to 
their susceptibility appears to be worth recording: 


Akalu 

Argus 

Arthemisc 

Attraction 

Avalanche 

Balliol 

Baroness Schroeder 
Baron James Rothschild 
Black Prince 
Cavalleria Rusticana 
Chalice 

Christine Gowdy 


RESISTANT 

Christine Ritcber 
Comte de Xanteuil 
Dorothy 

Dorothy Echling 

Dorothy E. Kibby 

Ella Wheeler Wilcox 

Eucharis 

Eureka 

Fragrans 

Fulgida 

General Bertrand 
General Cavaignac 
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Gloire de Chenonceaux 
Glorious 

Glory of Somerset 

Gretchen 

Griff Thomas 

Hermes 

Ho-gioku 

Iten-shikai 

King of England 

Kumagaye 

Lady Bellew 

Lady Mayoress 



524 


L ’6tincelante 
Lord Salisbury 
Luetta Pfeiffer 
Madame Lemoinier 
Madame Schmidt 
Maud L. Richardson 
Meisonnier 


Admiral Dewey 
Agnes Mary Kehvay 
Alb&tre 
Albert Crousse 
Alfred de Musset 
American Beauty 
Archie Brand 
Asa Gray 
Augustin d’Hour 
Aunt Ellen 
B6ranger 
Bullock 

Carnea Elegans 
Carnot 

Charles Binder 

Charles Verdier 

Charlotte Cushman 

Clarisse 

Comet 

Conqueror 

Couronne d’Or 

Daubenton 

Daybreak 

Dorchester 

Dorothy Kelway 

Duchess of Portland 

Duke of Devonshire 

Edwin Forrest 

Emile Lemoine 

Enchantment 

Eternal City 

Etta 


Adam Bede 
Agnes Barr 
Amalthea 
Armand Rousseau 
Bertha 

Camille Caiot 
Canariensis 
Carlotta Grid 
Carnea Trinmphans 
Caul 

Chrysanthemiffoea 
.Comte de daisy 
Comte de Parti 
Countess of Olanearty 
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Monsieur Boucharlataine 
Mrs. Gwyn-Lewis 
Mr. L. van Leenwen 
Old Silvertip 
Petite Ren6e 
Plutarch 
Princess Ellen 
Purpurea Superba 

MODERATELY RESI8TANT 

Faust 
Favorite 
Festiva Maxima 
Flambeau 
Frances Shaylor 
Graziella 
Grizxel Muir 
Gypsy 

Henry Avery 
Hon. Mrs. Portiuan 
Innocence 
John Fraser 
June Day 
Jupiter: Caiot 
Kelway *s Queen 
La Coquette 
Lady Alexandra Duff 
Lady Somerset 
La Fraicheur 
Lake of Siher 
La Perle 
La Sublime 
La Tulipe 
La Vestale 

L *6tincelante: Dessert 
Lord Lytton 
Louis van Houtte 
Mabel L. Franklin 
Madame Coste 
Madame de Guerle 
Madame de Vat it 
Mademoiselle Gaillant 
Mafeking 

SUSCEPTIBLE 

Daniel d v Albert 
Delachei 
Due de Cases 
Due de Wellington 
Eastern Beauty 
Edmond Lebon 
Etienne M6chin 
Frances Shaylor 
General Grant 
Grandiflora 
Jules Caiot 
Lady Beresford 
%utetkms 

Madame do Vemeville 
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Queen Wilhelmina 
Red Bird 
Ruigegno 
Sarah Bernhardt 
Speedwell 
Sweet Home 
Yeso 


Mary L. Hollis 

Masterpiece 

Mathilde de Roseneck 

Masie Terry 

Monsieur Paillet 

Monsieur Pasteur 

Muchelny 

Norfolk 

Octavie Demay 

Pallas 

Pboebo Cary 

Pierre Duchartre 

Pink Enchantress 

Princess Maud 

Queen of Beauty 

Rauenthal 

Rhoda 

Rubicunda 

Ruth Brand 

Simonne Chevalier 

Sir Robert Grenlv 

Snowflake 

Sosthenes 

Hully Prudhomnie 

Torquemnda 

Triumphata 

Trojan 

Venus 

Victoria 

Ville de Nancy 

Waterloo 

Welcome Guest 


Madame Emile Galle 

Madame Hutin 

Magnifies 

Marie Lemoine 

Marquise d ’Ivry 

Mathilde M&hin 

Meadowvale 

Monsieur Cbevreul 

Mrs. Lowe 

Myrtle 

Pottsi 

Princess Beatrice 
Pukherrima 
Queen’s Perfection 
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Roem de Boskoop 
Sappho 
Sea Foam 
Snowball: Hollis 
Souvenir de Gaspard Calot 


Antoine Porteau 
Armandine Mlchin 
Assmanshausen 
Belle of France 


Strasbourg 

Sunrise 

Thomas S. Ware 
Torch 

Triomphe du Nord 
Turana 

VERT SUSCEPTIBLE 

Charles Toche 
General Bedeau 
Grandiflora Lutescens 
Inna 

Lutea Plenissima 


Department of Plant Pathology, 
Cornell University, 

Itiiaca, New York. 


Vicomtesse de Belleval 
Virginie 
Virgo Maria 
Viscountess Folkestone 
Whitleyi 


Xivea Plenissima 
Paradise 
Territorial 
Victoire Modeste 




A CONTROL OP ANGULAR LEAF SPOT OF TOBACCO BY 
SPRAYING IN THE FIELD 

G. W. Fant 

The frequent occurrence of angular leaf spot in what is known as the 
new belt or coastal-plain section of North Carolina has given this disease 
an importance which probably is greater than that of any other disease 
affecting tobacco in the coastal-plain section. Although it is the experience 
of the growers, in substantiation of the observations of plant-disease inves¬ 
tigators, that some varieties are more subject to the attacks of the causal 
organism 1 than others, angular leaf spot continues to cause damage and at 
times produces a nearly complete destruction of tobacco in many tobacco 
fields. In addition to the varietal relationship of the disease, it has been 
observed by the writer since 1927 that rainfall greatly influences the 
prevalence of angular leaf spot, especially the weather conditions for a 
period of approximately one month after the crop is set in the field. 

In 1929 weather conditions were such that angular leaf spot of tobacco 
appeared in some fields during the early part of June, or shortly after the 
plants were set, and by the middle or latter part of June the disease was 
rather prevalent in sections. It generally has been found that the disease 
originates in the plant bed. Consequently, spraying the plants in the bed 
with Bordeaux mixture has been recommended frequently by plant patholo¬ 
gists, in addition to sterilizing the seed and practicing other means of sani¬ 
tation. On many occasions, however, a rapid spread of the disease takes 
place in the field apparently from a few infected plants, where weather 
conditions are favorable, as during a rainy spell. 

An early outbreak of the disease combined with weather conditions 
favorable for infection made it appear that the summer of 1929 would be 
a favorable one for observing the effects of various spray materials on the 
control of angular leaf spot when applied to tobacco in the field. Demon¬ 
stration plots were therefore arranged in a total of four tobacco fields, tw T o 
in Hertford and two in Bertie counties. Two sprays were used in each 
instance; namely, Bordeaux mixture 4-5-50, using hydrated lime; and a 
mixture of zinc and hydrated lime (4-4-50) similar to that recently used 
in various parts of the United States for the control of the bacterial spot 
(Bacterium pruni) of peaches. 

Three plots were laid off in each field, consisting of two sprayed plots 
and a check plot. The first applications were made during the period 
from June 11 to 13 when the plants were scarcely knee-high. The second 

1 Bacterium angulatum. 
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was made between June 24 and 27, when only a few of the plants were 
reaching the topping or blossoming stage. The nonsprayed plots were 
located between the two sprayed plots. 

Leaf counts were made on July 12, approximately seventeen days after 
the final spray, and about one week before the first leaves were harvested 
from the most advanced plants. In preparing the spray ordinary laundry 
soap was used as a spreader at the rate of one pound to 50 gallons. This 
type of spreader was used in preference to calcium caseinate, since a 
spreader of the latter type has a tendency to increase spray residue on 
foliage, an objectionable feature in the case of tobacco leaves. Due to the 
type of spreader employed and also as a result of the rapid growth of the 
leaves, only a trace of spray material was observed on an occasional leaf 
at the time of harvest. 

As indicated in the table, the angular leaf-spot disease, although bac¬ 
terial in nature, was effectively controlled by both the Bordeaux and the 
zinc-lime sprays. Of the two sprays, Bordeaux mixture was the most 
effective. No burning resulted from either spray except in two of the 
plots where a compressed-air sprayer was used. This was not equipped 
with an agitator for mixing the spray, hence some burning of the leaves 
resulted from that portion, of the spray coming from the bottom of the 
tank. Where the spraying was done with a machine equipped with an 
agitator this injury was eliminated. 



Location of field 

Treatment 

Leaf spot 
heavy 

Loaf spot 
light | 

Leaves 

sound 


Eskew Minton farm, 

Bordeaux mixture 

Per cent 

0 

Per cent 
31.2 

Per cent 
68.8 

Hertford County, N. C. 

No treatment 

2 

58.7 

39.3 


Zinc-lime 

1 

34.6 

64.4 

B. D. Sessoms farm, 

Bordeaux mixture 

0 

18.4 

* 81.6 

Windsor, N. C. 

No treatment 

17.5 

47.9 

34.6 


Zinc-lime 

9.3 

43.2 

47.5 

Wallace Britt farm, 

Bordeaux mixture 

0 

27.9 

72.1 

Harrelsville, N. C. 

No treatment 

0 

62. 

38. 


Zinc-lime 

0 

42. 

58. 

B. C. Mason farm, 

Bordeaux mixture 

.8 

46.4 

52.8 

Hertford County, N. C. 

No treatment 

3.2 

44.4 

| 52.4 


Zinc-lime 

3 

41.9 

I 55.1 

I 


In three of the tests a very noticeable improvement in the condition 
of the sprayed plants with reference to freedom from angular leaf spot was 
apparent in the field. This is indicated in the table, since in the first three 
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tents listed the plots sprayed with Bordeaux-mixture contained 29, 47, and 
34 per cent, respectively, more sound leaves than adjoining nonsprayed 
plots. Bordeaux-mixture generally was more effective than the zinc-lime 
mixture. In the fourth test, on the Mason farm, the second application of 
spray was made just before a heavy rain. This may account for the less 
effective control of angular leaf spot. In all of the tests, however, the im¬ 
provement of leaf quality was more than sufficient to offset the expense 
of labor and materials employed with spraying. The 1929 observations 
indicate that the sprays were applied at the time best designed to most 
effectively prevent the development and spread of the disease. The first 
application, made when the plants were small, required only about one- 
half the quantity of spray required for applying the second spray a few 
days prior to topping time. 

Due to the increasing prevalence and the serious nature of the angular 
leaf spot disease in some localities, spraying the plants in the field with 
Bordeaux or zinc-lime spray should prove profitable, particularly where 
such highly susceptible varieties as the ("ash and Adcock are grown. The 
observations in North Carolina indicate that angular leaf spot is the great¬ 
est limiting factor in growing these otherwise high-quality and desirable 
types. 

State College of Agriculture and Engineering, 

Baleigh, N. C. 
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FRANK GETCHELL O'DONNELL, 1896-1928 1 
N. Rex Hunt 

Frank Getchell O'Donnell was born October 20, 1896; married Mary 
Alberson in December, 1923; received the B. E. degree from Schuylkill 
Seminary in 1917 and the B. S. degree in plant pathology from Pennsyl¬ 
vania State College in 1920. He was a graduate student of George Wash¬ 
ington University and the University of Maryland. In 1920 and at various 
times previous to his graduation he was a field assistant in potato investiga¬ 
tions with the Pennsylvania Agricultural Experiment Station. In April, 
1920, he was appointed field assistant with the Federal Horticultural Board, 
later becoming plant quarantine inspector and soon afterward assistant 
pathologist, which position he held at the time of his death, January 11, 
1928. His death was due to tuberculosis, following pneumonia and pleurisy, 
brought on by exposure during a storm in the winter of 1924^25, while en 
route to the University of Maryland, where he was carrying graduate work 
in biochemistry and plant pathology preparatory to studying the physiol¬ 
ogy of fungi. 

He was a member of A. A. A. S., Virginia Academy of Sciences, Amer¬ 
ican Phytopat hologieal Society, American Society of Bacteriologists, Eco¬ 
logical Society of America, Botanical Society of Washington, Alpha Zeta, 
and Phi Kappa Phi. He was joint author of ‘‘Steam and Chemical Soil 
Disinfection with Special Reference to Potato Wart," Journal of Agricul¬ 
tural Research 1: 301-363, August 15, 1925; author of “Printing Plate 
Cultures," Phytopathology 12: 53-54, January, 1922; and “Hot Water 
Bulb Tank; Cheap Cooker for Hybridizer," Florists' Review 60: 31-32, 
June 16, 1927. Unfortunately his experimental work, which was being 
done on a large scale, was, as a whole, unfinished and the results were not 
published. 

Such are the prosaic details of a brief biography, but what manner of 
man was hef He came from a gifted and long-lived family, and, expecting 
a long life, was building for the future on a broad foundation. His father, 
a store proprietor, piano teacher, and successful composer, quit music and 
has been a Bell Telephone city manager for twenty-five years. As pro¬ 
motions came the family moved from city to city, and young O'Donnell 

i Read before the Botanical Society of Washington, December 4, 1928. 
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proceeded to make himself at home on and in the water for miles around, 
collecting all sorts of plants and animals, using his mother’s cupboard, sew¬ 
ing basket, and closets for snake houses and such and filling the living room 
with aquaria. During his high-school days he cleared $600.00 a year sell¬ 
ing fancy fish and aquatics. He also dabbled in chemistry and electricity, 
took up machine shop practice and wood working, and acted as “trouble 
shooter” for the telephone company. 

In college he had no fastidious fish to feed and took to feeding fungi 
instead. At the time he quit potato-wart work to undertake seed disinfec¬ 
tion studies he was carrying 1,200 cultures of organisms from soil given 
various treatments. In this and in some of his seed-disinfection work it 
took literally thousands of petri dishes to keep him satisfied. He had an 
uncanny knack of getting a pure culture of anything he wanted, from any 
medium, regardless of its nature or condition. As a pastime he grew hun¬ 
dreds of cultures of various fungi on different media and checked the re¬ 
sulting modifications of color, growth, and spore forms. He also experi¬ 
mented rather extensively on methods of preserving pure cultures in tiny 
packets and had a high degree of success in preserving such cultures for 
periods several times as long as any published records for them. The vary¬ 
ing actions of such long dormant cultures when again given a square meal 
were a source of great interest and amusement to him. None of this work 
was ever prepared for publication. 

Mr. O’Donnell was an indefatigable worker, often working half through 
the night. Most of the articles covered by the 2,000 entries in the bibli¬ 
ography used in the potato-wart work were read at night. He had thou¬ 
sands of bulletins and articles summarized and cross indexed in his private 
library. 

He disdained to run experiments on a small scale, thinking nothing of 
personally counting 20,000 seeds to set up a series of experiments, such 
series often being repeated several times. He was a stickler for extreme 
accuracy. He was ingenious in modifying or creating apparatus to meet 
his needs. Most of his work was done in testing or proving worthless or 
inadequate numerous proposed or possible seed treatments. He spent much 
overtime for several months qualifying as an X-ray operator in order to 
test recommended seed disinfection by X-rays. He built modified vacuum 
disinfection chambers and tested numerous dangerous war gases. His 
pure-culture transfer chamber has been copied by several Government offices 
and other organizations. His records would have furnished material for 
several important articles if he had not insisted on exhausting all possibili¬ 
ties of each method and testing and retesting the results before committing 
himself in a publication. 
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With his great store of accurate and often first-hand information on 
many subjects, always gladly furnished to any one interested, it is little 
wonder that Mr. 0 ’Donnell was constantly asked for help on many and 
diverse problems. He was busy until ten o'clock of the night he died. 

His death was a loss to science because of what he might have accom¬ 
plished had he been permitted to build on that foundation of thorough 
preparation in all allied sciences, skill in developing and using apparatus 
and methods, superaccuracy in all details, and limitless patience and 
perseverance. 




THE CONTROL OF CERTAIN FRUIT DISEASES WITH 
FLOTATION SULPHURS 

M . A . Smith 1 

In the United States nearly all the native sulphur is mined by melting 
it with steam in the rocks in which it occurs and forcing it to the surface. 
This sulphur, which has a high degree of purity, is suitable for the manu¬ 
facture of sulphuric acid and lime sulphur. When ground to sufficient 
fineness it may be used for fungicidal sprays or dusts. 

Flowers of sulphur, the fine powder formed by the condensation of sul¬ 
phur vapor, has been used extensively as a fungicide. However, due to 
improved machinery, it is now possible to secure a uniformly fine ground 
natural sulphur that is as efficient fungicidally as flowers of sulphur. 

When ground sulphur or flowers of sulphur is added to pure water it 
floats on the surface because it does not become wet. By reducing the 
surface tension of the water with a suitable agent, it becomes possible to 
wet the sulphur particles and thereby secure a suspension which may be 
employed as a spray. Wettable sulphurs are now widely used in the United 
States. They may be safely applied to many types of foliage and, if suf¬ 
ficiently fine, are satisfactory fungicides. 

With the introduction of lime sulphur in 1908 in Oregon, a very 
efficient fungicidal spray was secured. It has remained one of the 
standard sprays since its first introduction. Owing to the fact that it may 
cause serious injury under certain climatic conditions, there is a demand 
for a spray material which combines the high toxicity of lime sulphur with 
the safety of ground wettable sulphur. 

In view of the importance of the degree of fineness of the sulphur 
particle, it is interesting to note that many attempts have been made to 
utilize a colloidal form of sulphur as a spray material. Ramsay and Cooke 
(5) have proposed the precipitation of lime sulphur by sulphuric acid. 
Young (9) added sulphuric acid to a concentrated solution of sodium 
thiosulphate by which means sulphur dioxide and free sulphur were pro¬ 
duced. Other methods of preparing colloidal sulphurs have been proposed 
by various investigators. The preparation of colloidal forms of sulphur 

1 This project was made possible with funds supplied by the Hoppers Company, of 
Pittsburgh, Pennsylvania, and administered by the Crop Protection Institute. The 
writer wishes to express his appreciation to Dr. H. W. Anderson, under whose direction 
these studies were made, and to other members of the Institute committee who have of¬ 
fered suggestions during the course of the work; and to the Department of Horticulture 
of the Illinois Agricultural Experiment Station for its cooperation in making available 
extensive facilities. 


535 



Phytopathology 


536 


[Vol. 20 


to be used on a large scale has not yet been found to be practicable from 
the standpoint of cost and labor involved in their preparation. 

Recently there has been developed in the manufactured gas industry a 
process, known as liquid purification, by which large quantities of pure 
precipitated sulphur are obtained. This is known as flotation sulphur and 
is obtained through a process described by Sperr (7, 8) and Sauchelli (6). 

When flotation sulphur leaves the filter press it contains about 50 per 
cent of water and certain impurities of the gas, namely, sodium thiosulphate 
and sodium thiocyanate. They are water-soluble, however, and may be 
easily removed by washing, leaving a pure sulphur cake. There are three 
types of flotation sulphur known, respectively, as Thylox, Ferrox. and 
Gray. Thylox sulphur is recovered from the patented Thylox liquid 
purification process. Ferrox is obtained in the patented iron-oxide liquid- 
purification process and after it is washed may contain from 2 to 6 per 
cent iron oxide in a very finely divided state. Gray sulphur is obtained 
in the liquid purification of water gas and is so called because of its gray 
color. These sulphurs do not differ from one another in so fat as char¬ 
acteristics of the sulphur particle are concerned. 

Preliminary experiments relative to the physical and fungicidal prop¬ 
erties of one type of flotation sulphur were carried on by de Ong (2, 3) in 
California. From his results it seemed desirable to carry on further ex¬ 
periments along this line. Accordingly, an investigation of this sulphur 
was started under the administration of the Crop Protection Institute. 
The primary object was to carry on laboratory and field studies to deter¬ 
mine the physical and fungicidal properties of flotation sulphur. The 
experiments here reported were those conducted in Illinois, where ample 
facilities were furnished by the Department of Horticulture of the Agri¬ 
cultural Experiment Station. 

PHYSICAL PROPERTIES OF FLOTATION SULPHUIS 

Size of particles: A direct microscopic examination was made of the 
size of particles of flotation, ground wettable, ground dusting, and pro¬ 
cessed sulphur. Mounts of the wettable sulphurs were easily obtained by 
placing a small amount of sulphur in a test tube, adding water, and agitat¬ 
ing vigorously. A few drops of the suspension were then drawn off \rith 
a pipette, placed on a clean glass slide, a cover slip was added, and micro¬ 
scopic exanjination made. The different Alpting sulphurs were blown by 
means of a stream of compressed air onib glass slides. Examination of 
the dusting Oulphurs was made without the addition of a cover slip. Fig¬ 
ure 1 shows photomicrographs of wettable and dusting sulphurs. Table 1 
contains particle-size measurements of a number of the sulphurs examined. 



1930] Smith : Disease Control with Flotation Sulphurs 537 



Fig. 1 . (A) Flotation sulphur dust x60; (B) Niagara 200 mesh dust x60; (C) Ni¬ 

agara Super sulfo dust x 100; (D) Thvlox flotation sulphur X 100. (Photomicrographs.) 


TABLE 1 .—Comparahu sxse of the particles of certain types of sulphur 


Sulphur 


| Smallest 

particles 
(microns dia.) 

Largest 
particles 
(microns dia.) 

Average size 
of particles 
(microns dia.) 

Unwashed flotation sulphur* 

1 

5 

3 

Washed flotation* 

do 

1 

5 3 

Ialine colloidal* 

do 

1 

3 

2 

Flowers of 

do 

20 

130 

39 

Mercks precipitated 

do 

6 

100 

28 

Ground roll 

do 

8 

200 

46 

Niagara 200 mesh dusting do 

8 

87 

28 

Flotation sulphur dust 

1 3 1 

5 

4 

i 


• Many particles were less than one micron in diameter and too small for accurate 
measurement. 
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The results of these tests showed that the particles of Ialine and flota¬ 
tion sulphur were of the most uniform degree of fineness of any of those 
examined since approximately 95 per cent were 3 microns in diameter. 

FOLIAGE INJURY TESTS WITH FLOTATION SULPHUR 

The impurities in flotation sulphur as it leaves the filter press consist 
mainly of small percentages each of sodium thiosulphate and sodium 
thiocyanate. When each was tested on the foliage of bean plants at per¬ 
centages ranging from 1 to 15 it caused injury at all concentrations. At 
concentrations of 5 per cent and above the injury was so severe as to cause 
complete desiccation of the foliage. 


TABLE 2 .—Plant tolerance to unwashed and washed flotation sulphur 


Plant 

Sulphur 

Concentration 

i 

Injury 

Bean j 

l 

Unwashed 

1-50 

0 

Do 

do 

2—50 

flight 

Do 

do 

3-50 

Severe 

Peach 

do 

1-50 

0 

Do 

do 

2-50 

Moderate 

Cherry 

do 

3-50 

Moderate 

Apple 

do 

1-50 

0 

Do 

do 

2-50 

Slight 

Do 

do 

3-50 

Severe 

Gooseberry 

do 

1-50 

Slight 

Cineraria 

do 

2-50 

Slight 

Pelargonium 

do 

2-50 

Severe 

Ageratum 

do 

2-50 

Severe 

Primula malacoides . 

do 

2-50 

Slight 

Bean 1 

Washed 

1-50 

0 

Do 

do 

2-50 

0 

Do 

do 

3-50 

0 

Do 

do 

4-50 

0 

Do 

do 

5-50 

0 

Do j 

do 

0-50 

Slight 

Apple 

do 

2-50 

I 0 

Do 

do 

3-50 

’ 0 

Do 

do 

4-50 

0 

Do 

do 

5-50 

0 

Do 

do 

6-50 

0 

Do 

do 

7-50 

0 

Do 

do 

6-50 

Slight 

Cherry 

do 

3-50 

0 

Do 

do 

6-50 

0 

Peach 

do 

2-50 

1 0 

Do 

do 

3-50 

0 

Do 

do 

! 4-50 

0 

Do 

do 

5-50 

0 

Bose 

do 

4-50 

1 0 

Do 

do 

5-50 

0 

Gooseberry 

do 

5-50 

0 

Verbena ^ 

do 

4-50 

0 

Geraqhim j 

do 

5-50 

Slight 

Cuphea * j 

do 

4-50 

Slight 

Primula kewemris 
—- — _L 

* do 

* * . 1 

3-50 

0 
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Tests were next made of the effect of unwashed and washed Thylox 
flotation sulphur on the foliage of a number of different plants. A list of 
the plants with the concentrations of unwashed and washed flotation sul¬ 
phur which were tested on them appears in table 2. 

The results of this experiment show that unwashed flotation caused 
injury to foliage in all but two instances when used at a concentration of 
2 pounds to 50 gallons. It may be concluded that the impurities present 
in the unwashed sulphur were responsible for the injury to the foliage of 
the plants listed in table 2. Apparently the plant tolerance to washed 
flotation sulphur is much greater since in only three instances was injury 
observed at the higher concentrations. 

DISEASE-CONTROL EXPERIMENTS 

Spraying and dusting experiments at Ozark , III., in 1928: The use of 
sulphur dusts and sprays for the control of apple scab was tested at Ozark, 
Illinois, in 1928. The equipment consisted of a Bean power sprayer and 
a Bean power duster. In this orchard the trees were twenty-j'ear-old Kin- 
nairds and the plots consisted of 25 trees. The trees were so large that 
each required eight to ten gallons of spray material. A thousand apples 
were checked from each plot, the four center trees only being checked, and 
the apples were harvested in such manner as to obtain fruit from each quar¬ 
ter of the tree. 

The results of the spraying experiment at Ozark, Illinois, in 1928, ap¬ 
pear in table 3. 

The results of the spraying experiments at Ozark show (a) that the 
standard spray, lime sulphur, was the only one giving satisfactory control 
of apple scab; (b) the wettable sulphurs, i.e., Ialine, Koloform, Mulsoid, 
Thylox washed flotation, and Thylox unwashed flotation, at the concentra¬ 
tions used, gave unsatisfactory scab control; (c) injury to the foliage re¬ 
sulted from the use of unwashed flotation sulphur, thus confirming previous 
experiments which showed that injury resulted from the use of unwashed 
sulphur; (d) the fruit receiving washed flotation sulphur sprays had a 
superior finish. 

The dusted plots at Ozark consisted of three plots of 36 trees each, so 
located that dust or spray materials from other plots would not be carried 
to thfc trees from which results were to be taken. The dusts were applied 
early in the morning at intervals corresponding to the spray applications. 
The three dusts used and the schedule followed were: Plot 16, home-mixed 
sulphur dust, following standard spray schedule, using 85-15 except in 
4- and 6-weeks applications, at which times 100 per cent sulphur was used ; 
Plot 17, Kolotex throughout season; Plot 18, Thylox flotation sulphur dust 
as in Plot 16—85-15 home-mixed. 
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TABLE 3 .—Efficiency of sulphur sprays for the control of apple scab . Ozark, 

IUvnois . 1928 


Plot *_ a . 

Percentage scab 

No. 

x rt'ituncui 

Light 

| Severe ' 

Total 

1 

Standard spray* 

9.8 

0.7 

10.5 

2 

Unwashed Thylox dotation sulphur 11-50 

Schedule as in (1) 

i 

28.5 | 

... . .1 

15.4 

47.9 

3 

Lime sulphur 1-50 in prebloom; unwashed dotation buI- 
phur 14-50 in subsequent sprays 

40.5 

5.3 

45.8 

4 

Washed Thylox dotation sulphur 2-50 

Schedule as in (1) 

30.2 

20.2 

56 4 

5 

Lime sulphur 1-50 in prebloom; washed flotation buI- 
phur 2-50 in subsequent sprays 

56.0 ' 

14.4 

70.4 

6 

Washed Thylox flotation sulphur 3-50 

Schedule as in (1) 

45.1 

7.1 

52 2 

7 

Unwashed Thylox flotation sulphur 2-50 

Schedule as in (1) 

40.5 

15.1 

55.0 

8 

Ialine 1-50 

Schedule as in (1) 

27.7 

10.3 

38.0 

9 

Koloform sulphur 74-50 

Schedule as m (1) 

34.0 

30.8 

70 8 

10 

Mulsoid sulphur 4-50 

Schedule as in (1) 

37.0 

27 8 

04 8 

11 

Commercial sprayed plot 

Schedule as in (1) 

19.0 

6.4 

25.4 

12 

Check 

2.0 

98.0 

100.0 


»Prebloom (Apr. 10) 

Calyx (May 3) 

One week (May 14) 

Two weeks (May 22) 

Three weeks (May 31) 

Four weeks (June 7) 


Lime sulphur 1-50 and lead arsenate 2-50 


Six weeks (June 22) 

Nine weeks (July 13) 

3rd brood (July 28) 


Bordeaux 3-5-50 


Lead arsenate 2-50 and hydrated lime 4-50 used in all applications. 

Washed and unwashed dotation sulphurs used in this experiment on dry-sulphur 

basis. 


Table 4 gives the results of the dusting experiment at Ozark, Illinois 
It is apparent from table 4 that none of the dusts was effective in con¬ 
trolling apple scab. J3cab infection came late in the season and was very 
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TABLE 4 .—Effectivness of Sulphur dusts for the control of apple scab. OzarJc, 

Illinois. 1928 


Plot 

Treatment 



Percentage scab 

No. 



Light , 

Severe 

Total 

16 

Home-mixed sulphur dust 

Following standard spray schedule, using 
(300-mesh) except in 4- and 6-weeks, at 
100 per cent sulphur dust was used 

85-15 

which 

dust 

time 

37.8 

48.1 

85.9 

37 

Kolotex—throughout season 



16.4 

70.1 

86.5 

18 

Thylox flotation dusting sulphur 

Schedule as standard sprayed plot, 85-15 home-mixed 

50.2 

20.3 

70.5 

1 

Standard spray plot, lime sulphur 1-50 



9.8 

0.7 

10.5 

19 

Check 



2.4 

97.3 

99.7 


severe throughout this region. Weather conditions also were abnormal. 
There is a possibility that in a more normal year or in a year when scab 
infection is not so severe sulphur dust might prove more effective in the 
control of apple scab. However, these results tend to confirm those ob¬ 
tained by Anderson (1), namely, that dusting cannot be substituted for 
spraying for the control of apple scab in Illinois. 

Spraying and dusting experiments in 1928 at Barry, Illinois: The 
spraying and dusting experiments at Barry, Illinois, were primarily for 
the control of apple scab. The orchard consisted of 26-year-old Ben Davis 
trees. The trees were large, requiring ten gallons of spray material to the 
tree. The equipment consisted of a Bean power sprayer and a Bean power 
duster. The sprayed plots contained 20 trees and the dusted plots 40 trees. 
Scab infection in 1928 was comparatively light, as is usual in this section 
of western Illinois. The crop was light and scattered due to late spring 
freezes which had killed most of the buds. A thousand apples from four 
center trees of each plot were used in determining the amount of scab 
present. 

Table 5 contains the results of the spraying experiments at Barry, Illi¬ 
nois, in 1928. The results of these spraying experiments show' (a) that 
the standard spray, lime sulphur, gave the best control of scab; (b) all 
wettable sulphurs gave fair control of scab; (c) injury to foliage resulted 
from the use of unwashed flotation sulphur; (d) in the plot receiving lead 
and lime, only, throughout the season, the incidence of scab was 44.7 per 
cent. These results confirm those obtained in previous years in Illinois, 
viz, that lead and lime are about 50 per cent as efficient for the control 
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of apple scab as is lime sulphur used at the standard strength, (e) Lime 
sulphur applied early, followed by Thylox flotation dusting sulphur applied 
late in the season (Plot 26), gave scab-free apples of excellent finish. 

TABLE 5.— Effectivness of sulphur sprays for the control of apple scab. Barry , 

Illinois . 1928 


Plot 

Treatment 

Percentage scab 

No. 

Light 

i Severe 

Total 

1 

Standard spray* 

0.7 

1 -0 

0.7 

2 

Unwashed Thylox flotation sulphur 1^-50. Schedule aB 
in plot (1) 

5.9 

1.7 

7.6 

3 

Mulsoid sulphur 4-50. Schedule as in plot (1) 

6.5 

2.7 

9.2 

4 

Washed Thylox flotation sulphur 3-50. Schedule as in 
plot (1) 

8.1 

2.9 

110 

5 

Koloform sulphur 71-50. Schedule as in plot (1) 

3.7 

0.9 

4.6 

6 

Washed Thylox flotation sulphur 4-50. Schedule as in 
plot (1) 

! 

i 

9.3 

4.5 

13 8 

7 

Lead and lime 

Arsenate of lead 2-50 

Hydrated lime 4-50 

21.9 

22.8 

44 7 

8 

Washed Thylox flotation sulphur 6-50. Schedule as in 
plot (1) 

4.0 

0.7 

4.7 

9 

Check * 

27.2 

31.9 

59.1 

26 

Lime sulphur 1-50 to nine weeks; flotation dusting sul- 1 
phur at nine weeks; ten weeks, and three weeks before 
harvest i 

0.6 

0.1 

0.7 


• Prebloom ] 

Calyx | 

One week \ Lime sulphur 1-50; lead arsenate 2-50. 

Three weeks | 

Four weeks J 

Ijine weeks—Bordeaux 2-5-50. 

The dusted plots at Barry, Illinois, consisted of 5 plots of 40 trees each, 
one plot of 25 trees, and one of 15 trees. Dusting was generally done in 
e#riy morning or in the evening. As in the experiment at Ozark, the per¬ 
centage scab was estimated from center trees within the plots. One 
thousand apples wsje cheated from each plot. 
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The results in table 6 show that dusting gave only fair control of apple 
scab. Thylox flotation sulphur dust 85-15 and Thylox flotation sulphur- 
potassium permanganate dusts were about equally effective in the control 
of scab. 


TABLE 6.— Effectiveness of sulphur dust for the control of apple scab. 
Barry, Illinois. 1928 


Plot 

Treatment 

! 

Percentage scab 

No. 

Light 

Severe 

Total 

20 

Home-mixed sulphur dust, following standard spray 
schedule, using 85-15 dust (300 mesh). Pure 
sulphur alone in prebloom 

4.2 

i I 

2.8 

7.0 

21 

Thylox flotation dusting sulphur 85-15, following 
schedule as in (20) 

5.2 

1.9 

7.1 

22 

Thylox flotation dusting sulphur 85-15. Two pre¬ 
bloom applications, followed by 1-wk., 2-wk., 
3-wk., 4-wk., 9-wk., 10-wk., and 3d brood appli¬ 
cations 

7.3 

4.6 

11.9 

23 

Thylox flotation dusting sulphur-potassium per¬ 
manganate-lead arsenate 80-5-15. Schedule as 
in (20) 

3.7 

3.8 

7.5 

24 

Kolotex—Schedule as in (20) 

20.0 

11.4 

31.4 

23 

Kolotex—Schedule as in (22) 

18.6 

13.5 

32.1 

27 

Check 

11.8 

8.8 

20.6 


That these results are somewhat inconsistent may be seen from the fact 
that flotation dusting sulphur applied seven times gave a total of 7.1 per 
cent of scab, while in the plot to which nine applications were made there 
was 11.9 per cent of scab. Furthermore, in both of these plots there was 
slightly poorer control of scab than in the home-mixed dust plot which had 
only seven applications of dust but yielded 7 per cent of scabby fruit. 
Observations made indicated that there was considerable variation in 
severity of scab in different portions of the orchard. It was noticeable 
that there was less scab infection at the west than at the east end. Both 
plots receiving Kolotex were at the east end of the dusted plots. The per¬ 
centage of scab in these two plots was 31.4 and 32.2, respectively. Since 
both of these developed between 11 and 12 per cent more scab than the 
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check plot, it is quite evident that there was more scab in this portion of 
the orchard. 


SPRAYING EXPERIMENTS AT BARRY, ILLINOIS, 1929 

The purpose of the experiments at Barry, Illinois, in 1929, was three¬ 
fold: 

To test the fungicidal efficiency of flotation sulphurs; to supplement 
the later lime-sulphur applications with flotation sulphurs; and to observe 
the effect of the different sprays on the foliage of apple trees and on the 
finish of the fruit. The spraying was carried on in a block of 26-year-old 
Ben Davis apple trees, a portion of which had been used in 1928 in dusting 
and spraying experiments. The equipment consisted of a Bean power 
sprayer. About ten gallons of spray material was required for each tree. 

Spray materials used were: Commercial lime sulphur, flotation dry 
mix—a material containing 70 per cent Thylox flotation sulphur and 30 
per cent hydrated lime—Sulfuron, a commercial wettable sulphur, and 
flotation sulphurs of three types, all recovered in the process of gas puri¬ 
fication. The use of unwashed flotation sulphur as a summer spray was 
discontinued in 1929 because of the injury produced from the impurities 
contained in it. 

The spray plots each contained 20 trees. With two exceptions, each 
treatment was triplicated. Plots receiving similar treatments were located 
in widely scattered portions of the orchard. This precaution was taken 
to correct as nearly as possible any differences in scab severity prevalent 
in certain sections of the orchard. At harvest time a thousand apples were 
picked from different portions of four center trees of each plot. In esti¬ 
mating scab severity, apples having one conspicuous or two less conspicu¬ 
ous scab lesions were classed as “light scab.” When more than this 
amount of scab was present, it was designated “severe scab.” The results 
of the tests at Barry, Illinois, in 1929, appear in table 7. 

Excellent control of scab was obtained in the standard sprayed plot. 
Moderate spray injury and slight defoliation were observed in the plots 
receiving this treatment. Good control of scab was obtained in the plots 
receiving flotation sulphurs. The finish of the fruit from these plots was 
excellent. No spray injury was observed. In Plots 8, 9, and 10, lime sul¬ 
phur was used in early applications and washed Thylox flotation sulphur 
in Subsequent sprays. As previously noted, such a schedule was planned 
for two reasons: (1) Lime sulphur to be used in early applications because 
of ite high toxicity and at a time when scab infection is often most severe; 
(2) wettable sulphurs to be used in later sprays because of their ability to 
control scab appearing later in the season. In addition, the wettable sul¬ 
phur sprays are n)uch less likely to cause spray injury to the fruit and 
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TABLE 7.— Effectiveness of sprays for the control of apple scab. Barry, Illinois. 1919 


Average percentage scab 


J'lOX 

No. 

Treatment |- 

Light 

Revere 

Total 

1 

Thylox flotations dry mix 7£-50 in all sprays 

5.93 ) 

2.10 | 

I 8.03 

1 

2 

Lime sulphur 1-50 in prebloom, flotation dry 
mix 7 £-50 in subsequent sprays 

8.47 

1 

4.53 

1 

13.0 

3 

Lime sulphur 3-50 in prebloom and calyx, 
flotation dry mix 7£-50 in subsequent 
sprays 

(3.63 

3.30 

10.1 

4 

Gray flotation sulphur 5-50 in all sprays 

7.10 

3.50 

10.8 

5 

Thylox flotation sulphur 3-50 in all sprays 

6.07 

2.80 

8.87 

6 

Ferrox flotation sulphur 5-30 in all sprays 

2.63 

0.30 

2.93 

7“ 

Standard spray, lime sulphur 1-50 in all 
sprays 

3.40 

0.11 

3.51 

8 

Lime sulphur 1-50 in prebloom, Thylox flota¬ 
tion sulphur 5-50 in subsequent sprays 

4.23 

0.83 

5.06 

9 

Lime sulphur 1-50 in prebloom (two applica¬ 
tions), Thylox flotation sulphur 5-50 in 
subsequent sprays 

1.62 

4.10 

5.72 

10 

Lime sulphur 1-50 in prebloom and calyx, 
Thylox flotation sulphur 5-30 in subse¬ 
quent sprays 

7.24 

4.16 

11.4 

11 

Check 

10.83 

84.1 

94.9 

12 

Lead arsenate 2-50 and lime 4-30 in all sprays 

16.70 

35.9 | 

52.6 

■ 

13 

Lime sulphur 1-50 and ferrous sulphate 
3/4-50 in all sprays 

3.30 

1 

0.36 | 

3.86 

1G 

Lime sulphur 1-50 in prebloom, Sulfuron 
4-50 in subsequent sprays 

i 

15.1 

-1 

13.0 

28.1 

A 

Commercial-sprayed plot. Lime sulphur l£-50 
in all sprays 

1 

5.3 

i 

3.1 

8.4 


# Prebloom—(April 12) 

Calyx—(April 23) 

One week—(May 7) 

Three weeks—(May 21) 

Five weeks—(June 10) 

Nine weeks—(July 15) Bordeaux 2-5-50. 

Lead arsenate 2-50 and lime 4-50 used in all sprays. 
All flotation sulphur sprays used on dry-sulphur basis. 


Lime sulphur 1-50; lead arsenate 2-50. 
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foliage, which often occurs when lime sulphur is used through most of the 
spray season. 

Observations during the early part of the spray season showed that the 
period of maximum scab infection was about ten days later than ordinarily 
occurs in western Illinois and that the infection was most severe between 
the time of the calyx and the one-week sprays (April 29-May 4). The 
smaller percentages of scab in Plots 8 and 9 may have been due in part to 
the early applications of lime sulphur. On the other hand, the percentage 
of scab in Plot 10, receiving lime sulphur in the prebloom and calyx ap¬ 
plications, w T as nearly double that in Plots 8 and 9. If lime sulphur was 
responsible for the decreased amount of scab in Plots 8 and 9, it appar¬ 
ently was ineffective in Plot 10. Inasmuch as the heaviest scab infection 
occurred after the lime-sulphur applications were made, no definite con¬ 
clusions may be drawn from this test. However, it is believed that in years 
when scab appears early in the season the schedule of lime sulphur in early 
applications followed by wettable sulphurs should prove successful. In 
Plot 13, receiving lime sulphur and ferrous sulphate, the percentage of 
scab was about equal to that in the standard sprayed plot. No appreciable 
reduction in the efficiency of lime sulphur for scab control was observed 
through the addition of ferrous sulphate. There was, however, considerable 



PiO. £. Apple-spraying experiment, Unsprayed plot on left. Plot to right received 

flotation aalphur in all sprays. 
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spray injury from the use of this combination. This is contrary to the re¬ 
sults obtained by Dutton and others (4), who report the successful use of 
iron sulphate and lime sulphur in combination as a preventive of spray in¬ 
jury. Defoliation in the check plots was very severe (Fig. 2). The in¬ 
fluence of defoliation on the size of the fruit in this plot was a striking 
example of the necessity of holding foliage on the trees. 

PEACH-LEAF-CURL CONTROL 

A cooperative investigation between the State Natural History Survey 
and the Department of Horticulture at Urbana, Illinois, on the use of cer¬ 
tain fungicides alone and in combination with oils for the control of peach- 
leaf curl and San Jose scale was undertaken in the fall of 1927. 

The experiments were conducted in 18 plots in each of three orchards. 
Each plot contained 20 trees. Two check plots were located in orchard 
No. 1, two in orchard No. 2, and five in orchard No. 3. In estimating the 
amount of peach-leaf-curl infection, the following method was employed: 
An examination was made of at least one check plot in each orchard. The 
percentage of diseased old leaves was then estimated by examining each 
tree of the check plot, special attention being given to the inside trees near 
the center of the plot. New leaves were eliminated in these estimates, since 
none were diseased in any of the plots. An examination was next made of 
all the trees in each plot. An average was computed after an examination 
of all the trees. 

Table 8 gives the record of the experiments carried on in the fall of 
1927 and spring of 1928. 

The results of peach-leaf-curl-control experiments as outlined in table 
8 may be summarized as follows: Lime sulphur 1-8 gave very satisfactory 
control, whether applied in the fall or spring, and this season was effective 
when applied late in the spring. Oil emulsion with Bordeaux 4-6-50 gave 
satisfactory control in one orchard and rather poor control in the other 
two when applied in the fall. The curl control was somewhat less pro¬ 
nounced in two orchards in the spring application, but better in the third 
orchard. Oil emulsion with 4-50 copper sulphate gave very good control 
in all cases, in both fall and spring, as well as in late spring this season. 
It gave slightly more curl in the late-spring application than did lime sul¬ 
phur. Unwashed Thylox flotation sulphur 7^-50, alone, gave complete 
leaf-curl control in both fall and spring applications. 

Unwashed Thylox flotation sulphur 7£-50 and oil emulsion in a com¬ 
bination spray gave complete leaf-curl control in both fall and spring 
applications. 

At Neoga, Illinois, a block of 900 five-year-old Elberta trees was used 
for the dormant spray tests. Two materials w'ere used, dry lime sulphur, 



TABLE 8. Effectiveness of different spray materials in the control of peach-leaf curl at Carbondale, Illinois , 1927-28 


548 


Phytopathology 


[Vol. 20 



An experimental oil emulsion, not on the market in which Thylox was the flotation sulphur used. 
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12 pounds to 50 gallons, and unwashed Thylox flotation sulphur in com¬ 
bination with an oil emulsion prepared by the Standard Oil Company of 
Indiana. This combination was used at the rate of pounds of the oil- 
emulsion-sulphur mixture to 50 gallons. The spraying was done by the 
owner of the orchard, wdio used a power sprayer at a pressure slightly over 
175 pounds. Spraying was not done until late in March, when the buds 
were just beginning to open on some of the trees. 

The spray materials were applied to six-year-old Elberta trees. Dry 
lime sulphur was used in spraying eight rows containing 34 trees in each 
row\ Thylox flotation sulphur-oil emulsion was similarly applied to an 
equal number of trees. Untreated rows were left at both ends and in the 
center of the block. 

On May 37 final observations were made of the percentage of leaf curl 
in the sprayed and unsprayed rows. These observations showed: (a) 
15-25 per cent of leaf curl in the rows receiving dry lime sulphur and oil- 
emulsion-sulphur sprays; (b) an average of 50 per cent leaf curl in the 
untreated rows; (c) no injury to the trees from either of these spray ma¬ 
terials. From these results it is apparent that the sprays applied were 
only partially effective in reducing leaf curl. The lateness of application 
was very likely one of the main factors in the inability to obtain more 
efficient leaf-curl-control. 

A similar test was made at Urbana, Illinois, in the winter of 1928. For 
this test four row’s of seedling peaches were used. All materials (Table 9) 
were mixed in the field and applied with a Paragon sprayer. 

On May 23, a final count was made of the number of curled leaves 
showing in this block of trees. Table 9 gives the results of the experiment. 


TABLE 9 .—Effectiveness of certain sprays for the control of peach-leaf curl. Urbana , 

Illinois . 19J8 


R-ow 

No. 

No. 

trees 

Treatment 

No. 

curled 

leaves 

Averaged 
number 
curled 
leaves 
per tree | 

Percentage 
leaf curl 

1 

” I 

i 

Unwashed Thylox flotation sulphur 
and oil emulsion 7$-50 

9 

0.3 

1.0 

2 

17 

Dendrol 2 per cent and Bordeaux 
4-4-50 

20 

1.2 

2.5 

3 , 

, 18 | 

i 

Dendrol 2 per cent and Oxo-Bor- | 
deaux 4-50 

180 

10.0 

20.7 

4 

i 12 ! 

| Check 

580 

48.3 

100.0 
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This experiment shows that the unwashed sulphur-oil-emulsion com¬ 
bination was highly effective in controlling peach-leaf curl. Though only 
slightly better than the Dendrol-Bordeaux spray, it was considerably more 
efficient than the Dendrol-Oxo-Bordeaux combination. No injury was ob¬ 
served from any of these treatments. 

PEACH BROWN-ROT CONTROL 

During the 1928 season a number of experiments were carried on to test 
(1) the effectiveness of dusting with sulphur for brown-rot control, (2) the 
relative merits of various commercial dusting sulphurs and home-mixed 
dusts, and (3) the relative merits of commercial wettable sulphurs, floatation 
sulphurs, and dry mix-sulphur-lime and self-boiled lime sulphur. These 
experiments were carried on in two orchards near Ozark, Illinois. Due to 
extremely light brown-rot infection throughout this section, no significant 
differences in brown-rot infection were observed in the treatments. As far 
as could be ascertained from detailed observations, none of the treatments 
had any detrimental effect on the foliage or fruit in any of the plots. 

TABLE 10 .—Relative effectiveness of certain sprays for the control of brown rot of 
peach . Carbondale, Illinois , 19S9 


Plot 

No. 

Num¬ 

ber 

1 trees 

Treatment 

Percentage 
brown rot 

1 

25 

^ Dritomic 3-50 

3.32 

2 

1 31 

Sulfuron 3-50 

1.88 

3 

34 

New Jersey dry mix 121-50 

0.84 

4 

1 33 

Self-boiled lime sulphur 8-8-50 

1.29 

5 

1 28 

Thylox flotation dry mix 31-50 

0.65 

6 i 

i 29 

Thylox flotation sulphur 31-50 

0.61 

7 i 

35 

Gray flotation sulphur 31-50 

0.51 

8 , 

25 

j Mulsoid 4-50 

3.75 

9 

24 

, “Mist” brand 31-50 

3.04 

10 

25 

1 Check 

17.40 

11 

19 

Koloform 7J-50 

4.82 

12 

| 20 

New Jersey dry mix 1/2 strength (61-50) 

2.09 


Bates of application of sprays: 
April 16 
do 22 
May 10 
do J5 
June 4 
July 2 
do 17 
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In 3929, tests were made of the relative efficiency of various commercial 
wettable sulphurs, flotation sulphurs, and the standard home-mixed types of 
sprays, such as dry mix-sulphur-lime and self-boiled lime sulphur. All the 
commercial wettable sulphurs were used at the maximum recommended 
strength for peaches. The flotation sulphurs were used at the rate of 
pounds to 50 gallons. Self-boiled lime sulphur was used at the recom¬ 
mended strength of 8-8-50. New Jersey dry mix was used at the recom¬ 
mended strength of 12£ to 50 and also at the rate of 6£ to 50. The spray 
materials were applied with a Bean power sprayer on the dates listed in 
table 10. As in previous experiments, the percentage of disease was 
obtained from fruit picked from center trees of each plot. 

In table 10 it will be noted that the percentage of brown rot was small 
in all the plots receiving sulphur sprays. There were only slight differ¬ 
ences among the wettable sulphurs. Apparently, the sprays applied to 
Plots 3, 5, 6, and 7 were the most effective in reducing brown-rot infection. 
There was no spray injury observed in any of the plots. 

ciierry-leaf-spot control 

During 1929, an experiment for the control of cherry-leaf spot was 
carried on in a nursery at Normal, Illinois. The experiment was planned 
to include the following spray materials: Bordeaux mixture 3-5-50, Ferrox 
flotation sulphur (1-50, and Gray flotation sulphur 6-50. Each of these 
materials was applied to two rows of 150 seedlings each of Montmorency 
cherries. Two rows of 150 trees each were left as checks. 

The spray materials were applied with a sprayer of the bucket type. 
The first spray applications were made on May 29 when no leaf spot was 
observable. On June 20, at the time of the second application, some leaf 
spot was noted on a few trees in the check rows. On July 8, at the time of 
the third application, the disease was generally prevalent, many leaves on 
the trees in the nonsprayed rows had turned yellow and partial defoliation 
had occurred. Another application was made on August 9. Almost com¬ 
plete defoliation had occurred in most of the trees in the nonsprayed rows. 
In the sprayed rows there was no noticeable defoliation and almost no 
chlorosis had occurred. 

On September 15, final observations were made of the sprayed and 
nonsprayed rows. The results appear in table 11. 

From table 11 we may conclude that: (1) Bordeaux mixture 3-5-50 
was the most effective of any of the sprays for the control of cherry leaf 
spot; (2) Ferrox flotation and Gray flotation sulphurs were about equal 
in fungicidal efficiency in this experiment. 

Thylox flotation sulphur was used in comparison with lime sulphur 
for the control of cherry-leaf spot in the commercial cherry orchards at the 
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TABLE 11.-—! Effectiveness of certain spray materials for the control of cherry leaf 
spot on seedling cherries . Normal , Illinois. 1929 


Row 

No. 

Number 

trees 

Treatment 

Percentage 

defoliation 

1 

150 

Ferrox flotation sulphur 6-50. 

4.0 

2 

150 

do . 

5.0 

3 


Gray flotation sulphur 6-50. 

7.0 

4 j 

150 

do . 

| 9.0 

5 

150 

Check . 

j 75.0 

6 i 

150 

do . 

85.0 

7 l 

150 

Bordeaux 3-5-50 . 

2.0 

8 

150 i 

do . 

1 1.0 


University fruit farm at Urbana, in 1929. This disease was successfully 
controlled with both of these materials until mid-season. No difference 
was observed between the two plots, both retaining a greater part of their 
foliage, while on nonsprayed trees severe defoliation had occurred at this 
time. 

While these results represent only one season’s work, they indicate 
the practical value of flotation sulphurs not only on nursery stock but on 
commercial cherry plantings. They may be applied when other sprays 
would injure the foliage or mar the fruit. 

SUMMARY 

1. A new type of sulphur, called flotation sulphur, obtained in the 
Koppers Liquid Purification Process of manufactured gas, was investigated. 
A preliminary report is given. 

2. Particles of washed and unwashed flotation sulphur were of uniform 
fineness, ranging from 1 to 5 microns in diameter. In contrast, the par¬ 
ticles of ground sulphur ranged from 6 to 200 microns in diameter. 

3. Unwashed flotation sulphur produced injury to foliage because of 
the presence of the soluble impurities, sodium thiosulphate and sodium 
thiocyanate, which it contains, 

4. In experiments conducted in the greenhouse, flotation sulphur washed 
free of impurities was safely used at concentrations higher than is ordi¬ 
narily applied in fungicidal sprays. In field experiments in 1928 and 
1929, no injury to foliage or fruit occurred when washed flotation sulphurs 
were used.' 

5. Apple-scab-coatrol experiments with flotation sulphurs in southern 
Illinois in *1928 on a variety especially susceptible to scab were not suc¬ 
cessful. This may be ascribed in part to the low concentration^ used. 
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6. In 1929 at Barry, Illinois, satisfactory control of apple scab was ob¬ 
tained with all types of flotation sulphur used. 

7. No definite conclusions may be drawn from experiments as to the 
value of prebloom and calyx sprays of lime sulphur followed by flotation 
sulphur in remaining sprays. Failure to obtain more definite results on 
this point was probably due to the late appearance of apple scab in western 
Illinois in 1929. 

8. The finish of the fruit from the plots receiving flotation sulphur 
sprays was good. 

9. In the spraying experiment at Carbondale, Illinois, in 1929, the three 
types of flotation sulphur used gave somewhat better control of brown rot 
than did several brands of ground wettable sulphur. 

10. Unwashed flotation sulphur, in combination with an experimental 
oil emulsion, satisfactorily controlled peach-leaf curl in experiments car¬ 
ried on in southern and central Illinois in 1927-28 and 1928-29. 

]1. Three types of flotation sulphur were used in cherry-leaf-spot- 
control experiments on nursery and commercial cherry plantings in 1929. 
Satisfactory control of the disease was obtained in these experiments. 

Department of Horticulture, 

University of Illinois, 

Urban a, Illinois. 
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SOME SPECIES OF ATROPELLIS AND SCLERODERRIS ON 
CONIFERS IN THE PACIFIC NORTHWEST 

S. M. Zeller and L. N. Goodding 
INTRODUCTION 

Observations in the western part of Oregon, Washington, and British 
Columbia during the field seasons from 1923 to 1929 show that species of 
Atropellis (described as a new genus below) and Scleroderris are constantly 
associated with serious canker-like diseases of conifers. These observa¬ 
tions have been made chiefly by workers in the Office of Forest Pathology 
and the Office of Blister Rust Control of the U. S. Department of Agri¬ 
culture. With the advent of scouting for white pine blister rust, more 
particular attention has recently been called to the very deleterious effects 
of one of these affecting the western white pine, Pinus monticola D. Don. y 
in many localities west of the Cascade Mountains and in Idaho. One ex¬ 
ample of this canker has recently been found on lodgepole pine, 1 P. contorta 
Loudon, and one on sugar pine, P. lambertiana Douglas. 2 . In Oregon a 
species of Scleroderris is believed to cause a canker of Abies grandis Lindl. 
and A. amabilis (Loudon) Forbes. For some time the fungus on the canker 
of western white pine and lodgepole pine has been referred tentatively by 
some mycologists to Scleroderris bacillifera (Karsten) Saccardo and to 
S. treleasei Saccardo by the writers. In order to throw some light on the 
taxonomy of these western species, the writers have made a comparative 
study of the fungi believed to cause these cankers of Abies and P. monticola, 
the type of S. treleasei which probably occurs on the bark of the Sitka 
spruce, Picea sitehensis (Bong.) Carriere, and a collection of appar¬ 
ently authentic S. bacillifera . The present paper discusses the economic 
importance of these diseases of A . grandis, A . amabilis, Pinus contorta y 
and P. monticola and also the comparative anatomy and taxonomy of the 
three species mentioned above. 

1 Common names of trees used in this paper are those used by Sudworth. Check 
list, Forest TreeB of the U. S. U. S. D. A. Misc. Circ. 92. 1927. 

* After this paper went to the editor, L. N. Goodding collected 75 cankers of Atropellis 
pinicola on Bugar pine from just above Slate Creek in the Siskiyou Mountains, Josephine 
County, Oregon, February 17, 1930. On these cankers the pycnidia of Fuclcelia pinicola 
were associated with Atropellis pinicola . The cankerB have the same appearance as those 
described on Pinus monticola. The collection is Oregon Agricultural College Herb. No. 
4886, Zeller Herb. No. 7611, and cankers have been sent to the U. S. Office of Forest 
Pathology, Portland, Oregon, and to Dr. J. S. Boyce, Yale University. 
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DISTRIBUTION AND ECONOMIC IMPORTANCE OF THESE FUNGI 

So far as is known to the writers, Scleroderris treleasei has not been 
reported since the collection of the type in 1899. This was taken at Sitka, 
Alaska, by Dr. Wm. Trelease, and a collection by Prof. Trevor Kincaid 
taken at the same time was reported by Saccardo. There is a very small 
portion of the bark of the host with the type material in the Herbarium 
of the Missouri Botanical Garden. This is believed to be bark from the 
Sitka spruce, Picea sitchensis . No statement is made concerning its host 
relationship, whether parasitic or saprophytic. 

The fungus on western white pine, Finns monticola, has been found 
from Lane County, Oregon, north into British Columbia and eastward into 
Idaho. It perhaps occurs throughout the range of the host where moisture 
and temperature conditions are conducive to infection. The type locality 
perhaps should be designated as the Pacific Slope of British Columbia, 
Washington, and Oregon, although the type collection was taken near 
Quilcene, Jefferson County, Washington. 

In locations where trees are infected the cankers may be only occasion¬ 
ally found or may kill many twigs and branches on small trees from 4 to 
40 feet high. For the most part no infections are found on the main trunk 
of larger trees, but symmetrical growth of small trees is often prevented 
by cankers which kill out the main leader up where the diameter is small. 
The largest trunk cankers reported were about breast-high on trees 3 and 
5 inches in diameter. Trees smaller than this often are killed by cankers 
girdling the trunks. Collectors scouting for white pine blister rust report 
that dead twigs and branches of P. monticola, killed by this fungus, closely 
resemble blister-rust “flags.” In some localities in the Olympic National 
Forest, Washington, and the Mt. Hood National Forest, Oregon, very heavy 
infections are to be found. Individual trees up to 40 feet high may have 
many of their smaller branches and twigs killed by numerous cankers. On 
the smaller branches and on larger branches sunken cankers often occur 
on but one side of the branch and during the spring the bark on the last 
two years’ growth of the cankers is usually spotted with numerous black 
apothecia of the fungus. Branches only partially girdled are nearly always 
thrifty but die when the girdleis complete. 

The same fungus which occurs on P. monticola has been found but once 
on P tontorta . This one collection of 12 cankers from northern Coos 
County, Oregon, has given little opportunity to observe its economic im¬ 
portance on this host. 

The Sderoflerris on lowland white fir (Abies grandis ) has been found 
in the Northwest in^hree locations, namely, at the head of Wilson River 
, m Tillamook County^ near Kingston in Linn County, and near Bayview, 
Lincoln County, Oregon. Most of the fir trees of this species are infected 
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in a limited area at the head of Wilson River. Further observations made 
since the discovery of the disease lead to the belief that the virulence of 
infection varies from year to year. 

Twigs and branches, and trunks of trees up to 4 inches in diameter have 
been found affected with cankers of various sizes. There is no indication 
of growth of the canker after the initial year, so that the economic im¬ 
portance of its damage is not comparable to that caused by the perennial 
growth of the fungus attacking western white pine. 

The same species of Scleroderris occurs on silver fir, A. amabilis , in 
Hood River County, Oregon. It has been reported from the one locality 
only. Apparently the damage is much less severe on this host than on 
A. grandis. 

infection and patiiogenecitt of the fungus on pinus monticola 

It is not known just when infection takes place, but some collections 
taken in May show some very small cankers, 6 to 7 mm. in diameter. These 
appear like late infections after the host tissues have begun to grow. The 
growing tissues of the host have excluded the further advance of the fungus 
by a cork layer before the infection reached the cambium. This would lead 
to the belief that for normal development of typical cankers the infection 
would take place in the fall or early winter. Another observation leading 
to the belief that infections take place in the fall is the fact that the ex- 
cipular enclosures of the apothecia rupture when moistened artificially. 
Apothecia on the two-year-old ring of canker development are mature and 
open, many of them having discharged their spores. Those on the last 
year’s canker development are mature but not open. These were collected 
from March to August. Since these latter apothecia are mature and readily 
rupture and expand upon the application of water it would seeem that 
ascospore liberation would take place with the first continued rains in the 
fall and the natural supposition would be that infection would follow dur¬ 
ing the dormant period of the bark and cambium of the host. 

No attempts have been made to induce infection and canker formation 
by artificial inoculation. Our observations on pathogenicity of this or¬ 
ganism causing the canker of P. monticola were made wholly from cankers 
induced under natural conditions of infection. It is not difficult to deduce 
from such observations, however, that this species is quite parasitic in na¬ 
ture. Most infections are apparently through uninjured bark or leaf-scars. 
Crotch infections are rather numerous. In many of these the smaller 
lateral branches are dead. It is believed that most of this * ‘flagging’ * is 
caused by the canker. In fact, there is no indication that infection ever 
takes place through dead twigs. On the contrary, there is considerable 
evidence that the fungus does not grow saprophytically in the dead portions 
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of branches killed by girdling cankers In cases where cankers have caused 
such dead flags one never finds apothecia beyond the limits of the last 
year's advance of the canker 



Fig 1. Cankers on Ptnus monUcola with which A tropelhs pxnxcola is associated. 

A. Three year-old canker. The black bodies are apothecia. This canker was collected 
in November and shows no apothecia- on the youngest or outer ring of dead wood. 

B. Three year-old canker. Note the concentric rows of apothecia on the different ages 
of eankerql bark. There are some pycmdia in the outer row of fruiting bodies Col¬ 
lected in August. C Fuckelia stage collected in June, 1923, by H. G. Barstow at Chico, 

Kitsap County, Washington Slightly reduced 

DtiSCittPTION OF CANKERS ON PINUS MONTI COLA 

The typical branch*canker on Ptnui monticola is caused by the killing- 
of the cortexln lpng strips extending lengthwise of the limb (Fig. 1, A and 
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B). The affected tissues of the canker becomes somewhat sunken, but there 
is not an extreme shriveling nor separation from the surrounding healthy 
bark. Thus, for a number of years, the canker remains closed. The dis¬ 
ease is progressive or perennial and year after year the canker encroaches 
upon the surrounding healthy bark. The greatest canker enlargement, for 
the most part, is lengthwise of the stem rather than around it. For in¬ 
stance, a canker 10 cm. long on a branch 1.5 cm. in diameter will be about 
i as broad and may extend 3 cm. at each end during the second year, while 
advancing merely 6 to 10 mm. laterally during the same period. 

Generally, the cankers are rather smooth, giving a flattened appearance 
to the side of the branches harboring them. On three-year-old cankers the 
central or oldest portion of the canker is usually dotted with disintegrating 
apothecia of Atropelhs pinicola. The second year of the canker is marked 
by a line of mature, open apothecia arranged concentrically around the 
older portion, while on the last year's growth or youngest portion of the 
canker are to be found apothecia with mature asci but in which the 
excipulae hftve not yet ruptured above the hymenia. This is particularly 
true in cankers observed before the first rains in the fall of the year. Often 
on this last year’s growth are to be found the black stromata of what we 
believe to be the imperfect stage. We have not demonstrated the organic 
connection between this imperfect stage and the aseogenous stage but their 
constant association on cankers gives circumstantial evidence. The only 
evidence of the causal organism on some one-year-old cankers is this 
pycnidial form (Fig. 1, C). 

The cankers on P. contort a are very similar in appearance to those on 
P. monticola. 

Cross-sections of cankers show rather deep staining of the wood. This 
stain is bluish black, reminding one of the stain produced by Cenangium 
piniphiUnn Weir. It occurs in the wood of both P. monticola and 
P. contorta . 

INFECTION AND PATHOGENICITY OF THE SCLERODERRIS ON ABIES 

As is true of the fungus attacking western white pine, the organism 
attacking Abtes grandts and A. amabihs apparently should be considered 
a true parasite. In most of the cankers examined, if not all of them, in¬ 
fection took place through uninjured bark or leaf scars, so far as can be 
determined. The same arguments given to indicate that the infection on 
western white pine takes place in the fall of the vear after continuous rains 
have begun hold also for infection by the fungus causing canker on fir. 
There are no indications of the fungus growing saprophytically under 
natural conditions. 
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DESCRIPTION OP CANKERS ON ABIES 

In the main it would seem that this canker develops much more rapidly 
on Abies grandis than the one on western white pine. The development of 
the canker on A, amabilis, however, seems to be much slower than that on 
A . grandis . The spots develop continuously after once started during the 
dormant period of the host. 

On A . grandis, the cankers are very smooth, there being no appearance 
of concentric zonation due to alternatng periods of rapid and slow growth 
(Fig. 2, A, B, and C). In early spring when canker enlargement ceases, 
the bark of the diseased areas dries and sinks, and often cracks longitudi¬ 
nally due to radial and tangential shrinkage. This condition, together 
with the normal growth of callus in the surrounding bark and wood, pro¬ 
duces a tension which results in the formation of a crack in the bark at the 



Fig. 2. Cankers on Abies grandis with which Scleroderris abieticola is associated. 
A. Young canker collected in October shows mature apothecia. Natural size. 
B and C. Small branches constricted by cankers become enlarged above when girdling 
it not complete or when the wood cylinder remains alive. Natural size. D. Old canker 
on a 4-inch trunk. I diameter. 

edge of the canker (Fig, 2, C). It is quite evident that the spread of the 
fungus ceases as soon as the cambium becomes active in the spring. These 
young cankers have a reddish brown color. Young cankers, collected May 
24, 1928, show no s apothecia, while young cankers collected October 18 
show apothecia wdf ^developed but not yet dehiscent. This leads to the 
assumption 'that apdtbeeia are developed during the summer of the first 
year of the canker. Qfe£rvatiens so far show that the canker does not 
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develop farther than the first year’s growth. The dead bark usually falls 
away during or after the second year and, if the branch or bole is not 
girdled the first year, the wound becomes completely calloused over. 

On A . amabilis the cankers on young branches are very similar to those 
on A . grandis, showing the same type of constriction. The limited ma¬ 
terial available does not show the callus formation and cracking along the 
margins of cankers as illustrated by much of the material on A. grandis . 
One canker from a larger branch shows callus formation and marginal 
cracking and also indicates that the cankers do not increase in size after 
the first year. 

TAXONOMY 

After a study of the morphology of the fungi involved in the diseases 
discussed in this paper, we present herewith the following diagnoses. The 
first conception of the writers in their study of the three fungi involved 
was to refer them to Scleroderris Fries. There is apparently no question 
that the species on Abies should be so referred. We believe this to be dis¬ 
tinct from ot&er described species and therefore propose for it the name 
8. abieticola, sp. nov. Saccardo’s S . treleasei and the fungus causing canker 
of Finns monticola and P. contorta differ from the usual conception of the 
genus Scleroderris in two well-defined characters, i. e nonseptate spores 
and the color of the paraphyses and hymenium. We therefore refer these 
two species to a new genus, Atropellis. Saccardo’s 3 statement relative to 
8 . treleasei shows that he had leanings in this direction. He placed the 
species in the Dermateaceae but appended the following note (translated 
from the Latin): “Its relationships are a little doubtful, tending in some 
respects toward Clithris, in others toward Coccophacidium and in still 
others strongly toward a new generic type,” In the Sylloge Fungorum he 
later added the clause “connecting closely with the Scolecosporae near 
Godronia.” 

Atropellis Zeller & Goodding, gen. nov. 4 

Apothecia erumpent, single or caespitose from an inconspicuous stroma, 
sessile or stipitate, cupulate to broadly discoid, closed, at length laciniately- 
dehiscent, externally smooth to roughened, dark; hymenium variously col¬ 
ored ; asci cylindrical to slightly clavate, 8-spored; spores filiform to acicu- 

3 Harriman Alaska Expedition, 5: Crypt. Bot. 1904. 

4 Apothecia erumpentia, singulares vel caespitosae, e stromatibus ineonspicuibus, 
sessiles vel stipitatae, cupulatae ad disciformes; primere clausae, ultimate debiscentesque 
laciniataej exterior apotlieeii ater, levis vel asper; hymenium varie coloratum ; asci 
cylindracei aut davati anguste, octospori; sporidia filiformia vel aciculares, continua, 
hyalinia; paraphyses filiformes, simplices vel furcatae; ascos excendentis tenuiter aut 
extendatae et epithecium formatis, colorat&e clare et varie; exeipulum carbonacium; 
hypothecium crassum. 
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lar, continuous, hyaline; paraphyses filiform, simple or furcate, slightly 
exceeding the asci or extended and forming an epithecium, distinctly and 
variously colored; excipulum carbonaceous; hypothecium well developed. 

The type species is Atropellis pinicola Zeller & Goodding. 

Because of the thick, well-developed hypothecium or medullary tissues 
of the apothecia, the genus Atropellis belongs in the family, Tryblidiaceae. 
With Scleroderris it forms a scolecosporous group within the family and 
is related to other families of the Discomycetes through genera having 
needle-shape spores. 

1 . Atropellis treleasei (Sacc.) Zeller & Goodding comb. nov. Sclero¬ 
derris treleasei Saccardo, Harriman Alaska Expedition, Yol. 5, Crypt. 
Bot., p. 24. PI 3, fig. 7a-g. 1904. 

Apothecia solitary, or gregarious, at first erumpent, then entirely 
superficial, mostly sessible, at first pitcher-shaped, closed, then scutellate, 
laciniately-dehiscent, 2.5-4 mm. in diameter, expanding to 3-5 mm. when 
moistened; outside and margins tom, dusky purplish gray (Ridgway), car¬ 
bonaceous, rugose; hymenium flatly-concave to convexly expanded, waxy, 
“pinkish cinnamon to Sayal brown ’ 9 (Ridgway) ; asci clavate with ob- 
tusely-acute apices, narrowly and long stipitate, 100-178 x 8-14 p (average 
100 p without stipe, 167 p with stipe), eight-spored, staining brown with 
iodine; paraphyses filiform, with simple or incurved, furcate tips which 
very slightly exceed tips of asci, hyaline; epithecium none; spores fascicu¬ 
late in upper part of ascus, mostly filiform, often somewhat clavate, hyaline, 
continuous, 42-60 x 2-2.5 p; hypothecium a thin layer of light brownish 
prosenchyma underlaid by a slightly thicker layer of thin-walled, hyaline 
pseudoparenchyma which becomes less distinct toward the margin of the 
disc. The excipulum is composed of pseudoparenchyma in 3 layers in most 
specimens. The ectal layer is thin, dark brown (almost black), of small, 
polygonal cells with heavy walls. The layer just inside of this is of lighter 
brown cells of the same shape but a little larger. In some specimens the 
medullary hyaline tissue is a meshy pseudoparenchyma, as shown in plate 
I, B), but in others the type of pseudoparenchyma just above it extends to 
the second ectal layer just below. The stem is of the same structure as the 
excipulum. The stem arises several cells deep in the cortex of the bark. 

On bark of Picea sitchensis (?); Alaska. The type was collected June, 
1899, and, so far as the writers are aware, no other collections have been 
reported. 

Specimens examined: Alaska: Baranof Island, Sitka, June, 1899, 
WiUiam 7release, 845, type of Scleroderris treleasei (in Missouri Botanical 
Garden Herb.). 

Godroftia splendida Speg. must be closely related to A . treleasei and 
Perhaps should bye referred to jAtrepellis. It is described as having a beau- 
||tally golden hymenium and continuous spores. 
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2. Atropellis pinicola Zeller & Goodding, sp. nov. 

Apothficia solitary or gregarious, erumpent from outer cortical layers 
of bark, sf&site or on very short central stalk, 2-4 mm. in diameter, at first 
closed, opacity? Iff stellate or irregular clefts, leaving rather fimbriate mar¬ 
gins, expanding* discoid, usually rolling up from two sides when drying, 
externally pruinose, black to fuscous-black; hymenium pruinose, black; 
asci clavate, hyaline, staining brown with iodine, 8-spored, 74-178 x 8-13 p 
(average 100 x lip) ; spores filiform to acicular-clavate, hyaline, continu¬ 
ous, guttulate, 32-63 x 1.5-3.5 p, (average 40x2p); paraphyses hyaline, 
hair-like, flexuous, exceeding the length of the asci by 32-38 p, tips slender, 
agglutinated, forming a dense epithecium with rosy and purplish tints in 
section; hypothecium well developed, of dark brown, fascicled hyphae, ex¬ 
tending mostly centrifugally upward from a hyaline, prosenchymatous, 
medullary portion of the apothecium; exeipulum a prosenchyma, the ectal 
portion of which is composed of coarse, very dark-walled hyphae, which 
gradually shade lighter toward the hyaline medullar tissue. 

Imperfect stage usually associated with A. pinicola: 

Fuckelia: Stromata erumpent, sometimes scattered, mostly gregarious, 
black, pulvinulate, sessile to short-stipitate, 0.8-1.2 mm. in diameter, con¬ 
taining 16-35 locules (pycnidia) ; stromatic tissue of pseudoparenchyma 
surrounded by a carbonous rind of the same structure; stipe of same struc¬ 
ture; pycnidia ovoid to globose, somewhat crowded, mostly in one plane, 
walls prosenchymatous, lining the stromatic pseudoparenchyma, 60-150 p 
broad, 200-260 p deep, ostiolate; ostiole slightly papillate, 25-32 p in 
diameter; conidiophores from entire inner surface of pycnidia, hair-like, 
simple, and branched; conidia , hyaline, continuous, narrowly ellipsoid to 
bacillar, 8-11 x 1.7-3 p. 

To our knowledge this is the first report of a Fuckelia on conifers. 
There were previously three species described, two of which are designated 
as imperfect stages of species of Cenangium. None of the three, however, 
agrees in description with this one. Should this prove to be organically 
distinct from Atropellis pinicola it should be designated as Fuckelia pint- 
cola Zeller & Goodding. 

The pruinose character of the exterior of the apothecium is due to ectal 
hyphae projecting somewhat from the surface in tufts. In young closed 
specimens the exeipulum is continuous over the top enclosing a collapsed 
mass of dark hyphae above the epithecium. This mass disappears when the 
exeipulum ruptures above. 

Associated with canker on living branches and trunks of Pinus monti- 
cola and P. contorta . Collections with the fungus in fruiting condition 
have been taken throughout the year. Oregon, Washington, Idaho, and 
British Columbia. 
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Specimens examined: 

Montana: Flathead County, Olney, July 25, 1927, C. B. Stillinger, 2608 
(in Zeller Herb., 7481). 

Idaho: Clearwater County, Elk River, July 12, 1924, Sept. 1, 1928, and 
Sept., 1924, C. B. Stillinger, 593, 2605, 2609 (in Zeller Herb., 7476, 
7475, 7474); Jericho, July 5, 1925, C. B. Stillinger, 544 (in Zeller 
Herb., 7477). 

Oregon: Clackamas County, Government Camp, Jan. 1, 1927, J. S. Boyce, 
1730 (in Zeller Herb., 7538, For. Path Herb., 5 40339); Still Creek, 
near Government Camp, July, 1927, L. N. Goodding (in Ore. Agr. 
Coll. Herb., 4931, and Zeller Herb., 7095); Rhododendron, May 30, 
1924, J. S. Boyce, 1304 (For. Path. Herb., 40338); July 9 and 10, 
1929, G. D. Darker, and L. N. Goodding (in Ore. Agr. Coll. Herb., 
4874, 4875, and Zeller Herb., 7574, 7575); June 9, 1927, L. N. Good¬ 
ding and B. L. McLeod, For. Path. Herb., 40390 (in Zeller Herb., 
7163, and Ore. Agr. Coll. Herb., 4921); Zig Zag, Mt. Hood, July 11, 
1926, E. G. Lachmund (For. Path. Herb.); Zig Zag Ranger Sta¬ 
tion, April 6 and May 15, 1929, L. N. Goodding (in Ore. Agr. Coll. 
Herb., 4876, and Zeller Herb., 7576 and 7578); July 11 and 15, 1929, 
G. D. Darker and L. N. Goodding, Yokum Falls (in Ore. Agr. Coll. 
Herb., 4877, and Zeller Herb., 7577, 7573); Coos County, ten miles 
south of Reedsport, Nov. 24, 1929, L. N. Goodding (in Ore. Agr. 
Coll. Herb., 4882, in Zeller Herb., 7589); Lane County, near Sum¬ 
mit, McKenzie Pass, July 29, 1928, L. N. Goodding (in Ore. Agr. 
Coll. Herb., 4930, and Zeller Herb., 7457); Linn County, Pine Ridge, 
Big Meadows, July 16,1926, F. P. Sipe, 40 (in Ore. Agr. Coll. Herb., 
4878, and Zeller Herb., 7023); Wasco County, Barlow Creek Canyon, 
Aug. 10, 1928, E. L. Evinger (in Ore. Agr. Coll. Herb., 4929, and 
Zeller Herb., 7458), 

Washington: Clallam County, Lake Crescent, Aug. 11, 1926, J. S. Boyce 
1679 (For. Path. Herb., 40375); Jefferson County, Irondale, May 5, 
1926, L. N. Goodding and F. A. Patty (in Ore. Agr. Coll. Herb., 
4928, and Zeller Herb., 7086); Quilcene, Mar. 7,1926, 8. B. Detwiler 
and L. N. Goodding, type (in Ore. Agr. Coll. Herb., 4927, Boyce 
Herb., 1635, and Zeller Herb., 6892); Kitsap County, Chico, June 
7,1923, H. G. Barstow (in For. Path. Herb., 40389); Mason County, 
Sept. 3,1927, C. B. Stillinger, 2606 (in Zeller Herb., 7473); Pierce 
County, Ashford, Aug. 16, 1927, G. B. Stillinger, 2607 (in Zeller 
Herb., 7471); near entrance to Rainier National Park, Aug. 15,1927, 
CL B. Stillinger, 2610 (in Zeller Herb., 7472); Skamania County, 

• Xa each of tfeese caaw, reference is wade to the accession number in the herbarium 

of the Office of Porest^Pat h s Hg y, Poft Office Building, Portland, Oregon. 
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above Wind River Forest Nursery, June 19, 1928, L . N. Ooddvng 
(in Ore. Agr. Coll. Herb., 4926, and Zeller Herb., 7459); Nov. 28, 
1927, C. C. Strong (in Ore. Agr. Coll. Herb., 4925, and Zeller Herb., 
7460); Willard, June 12, 1924, J. S . Boyce, 1305 (in For. Path. 
Herb., 40340). 

Canada: British Columbia, upper Birkenhead River Crossing, Cabin 
on Prohibition Claim Trail, Mile 72, P, G. E., May 25, 1927, C. N. 
Partington (in For. Path. Herb., 40426); upper Birkenhead River 
Valley, on Birkenhead Tenquil Trail, Mile 72, P. G. E., Sept. 1, 1927, 
C. N. Partington (in For. Path. Herb., 40427). 

scleroderris fries 

1. Scleroderris abieticola Zeller & Goodding, sp. nov. 

Apothecia single or gregarious, from an erumpent stroma (or single 
apothecia erumpent from outer cortical layers of bark), on short central 
stalk, seldom sessile, 0.5-1.2 mm. in diameter, at first closed and spheroidal 
or ellipsoidal, opening by stellate or irregular clefts, then cupulate to ex¬ 
panded, externally smooth to flaky, grayish black to shiny black; hymenium 
shiny slate color to shiny black; asci clavate, hyaline, stained brown with 
iodine, but bore at tip blue, usually 8-spored, rarely 4-spored, 118-135 x 9- 
14 p (average 129.5 x lip); spores filiform, many guttulate, distinctly 
5-8-septate, hyaline, 40-67 x 3.5-4.5 p; paraphyses hyaline, hair-like, tips 
slightly enlarged, slightly exceeding the length of the asci, somewhat ag¬ 
glutinated but not forming an appreciable epithecium; hypothecium hya¬ 
line, composed of a thick, very gelatinous prosenchyma; excipulum with a 
black rind, underlaid by several layers of differentiated pseudoparenchyma. 
The excipulum extends downward forming the outer layers of the stem. 
The medullary region of the stem is pseudoparenchyma composed of brown, 
thick-walled isodiametric cells. From these there is a gradual transition 
through thin-walled, hyaline, pseudoparenchyma to the hypothecium. 

The excipulum exhibits three rather well-differentiated layers with an 
external rind. The ental layer is pseudoparenehymatous, composed of small, 
dark, thin-walled, isodiametric cells. The middle layer joins the inner 
one with a gradual transition to cells appearing like rather small, parallel, 
light-brown hyphae coalescing to form a typical pseudoparenchyma. The 
ectal layer resembles the middle layer but the cells are distinctly larger, 
more barrel-shaped, with light amber-colored walls. The rind seems to be 
merely a darkened layer of the latter which may flake off, giving the grayish 
black appearance to some apothecia. 

A very interesting phase of abnormal spore formation is sometimes to 
be observed in this species. Four-spored asci are not infrequently found. 
In fact, on first observation, the writers believed the species to be char¬ 
acterized by 4-spored asci. In all cases of subsequent examination, how- 
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over, we have found the 8-spored asci to greatly predominate. The spores 
from both the 8-spored and 4-spored asci are distinctly septate. In some 
cases there are four large spores and four very small spores**, These two 
types of abnormal asci are shown in Plate I, Q. They are usually some¬ 
what shorter than normal 8-spored asci. Spores from 4-spored asci are 
85-100 x 4.5-6 p, while in asci containing four large and four small spores 
the larger are 70-80 x 4.5-6 p and the small spores are 11-15 x 4-6 p. 

The writers first believed this Scleroderris, as it occurs on Abies grandis , 
was the same as the European S . bacillifera , but it has since been our privi¬ 
lege to study a collection of the latter on A . pectinata DC. This Eureopean 
material was collected in Bavaria, June, 1881, by Britzelmayr and is re¬ 
ported as Tympanis bacillifera Karsten on Picea excelsa L. This agrees in 
every way with Karsten’s description. Scleroderris abieticola differs from 
this material and the description of the color and structure of the hypo- 
thecium, size of asci and spores, and general appearance. If the hyaline, 
gelatinous layer which we have referred to as the hypothecium could be 
considered as a medullary portion of the excipulum, the species should 
perhaps be referred to Godronia. 

This species of Scleroderris is associated with cankers on living branches 
and twigs of A. grandis and A. amabilis. Collected in January, May, and 
October. Oregon. 

Specimens examined: 

Oregon: Hood River County, near Horse Thief Meadows on Mt. Hood Loop 
Highway, May 20 and July 6, 1929, L. N. Ooodding (in Ore. Agr. 
Coll. Herb., 4873, 4920, and in Zeller Herb., 7247 and 7572); Lin¬ 
coln County, near Bayview, Aug. 30, 1929, 8. M. Zeller (in Zeller 
Herb., 7539); Linn County, Kingston, Jan. 6, 1928, J. L. Mielke (in 
For. Path. Herb., 40474, and Zeller Herb., 7470); Tillamook County, 
Head of Wilson River, May 24 (2 collections), Oct. 18, 1928, and 
Sept. 16, 1929, L. N . Ooodding (in Ore. Agr. Coll. Herb., 4932, 4933 
type, 4934, 4924, and in Zeller Herb., 7442, 7443 type, 7451 and 
7541). 

Another species of Scleroderris on A. amabilis was collected by G. D. 
Darker and L. N. Goodding near Horse Thief Meadows, Hood River County, 
Oregon, July 6, 1929. The material is so meager that we hesitate to refer 
it definitely to a species at this time. It apparently has close affinities with 
8 . amphibola (Mass.) Gill, but differs from the latter in some characters. 
It seems to be entirely saprophytic. 

SUMMARY 

This paper describes as new a genus of fungi near Scleroderris in the 
family Tryblidiaceae. The name Atropellis is proposed for the genus with 
A . pinicola Zeller & Obodding, sp. nov., as the type species. A canker of 
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Pinus monticola and P. contort a with which A. pinicola is associated, and 
a canker of Abies grandis and A. amabilis with which Scleroderris abieticola 
Zeller & Goodding, sp. nov., is associated, are described and the distribution 
and economic importance of the two cankers are given. The paper includes 
diagnostic descriptions of the new genus Atropellis and the three fungi 
Atropellis pinicola , A. treleasei , and S. abieticola. 

Explanation or Plate I 

Illustrating the morphology of Atropellis treleasei, A. pinicola, and Scleroderris 
abieticola . All drawings Sketched to scale by means of camera lucida. 

Atropellis treleasei 

A. Diagrammatic vertical section of an apothecium, showing relation of parts and 

relation to host, x 10. 

B. Vertical section through the margin of an apothecium, illustrating the struc¬ 

ture of the excipulum, medullary tissue, hypothecium and hymenium, 
x 75. 

C. Mature asci and paraphyses. Note the long stipitate asci with fascicle of spores 

in upper half and note that the length of paraphyses does not exeeed that 
of asci. x 500. 

D. Ascospore8. x 500. 

E. Show's the relation of the spores to the apex of an ascus. x 1500. 

Atropellis pinicola 

F and G. Two diagrammatic vertical sections of mature apothecia showing relation 
to host bark and relation of parts. Note in the closed apothecium that 
the space above the epithecium and within the excipulum is stuffed with a 
mass of collapsed hyphac. x 10. 

H. Vertical section through the margin of an apothecium, showing grossly the 
morphology of the parts. Note the well-developed hypothecivm and 
epithecium. x 75. 

J. Asci and paraphyses. Note how the latter greatly exceed the length of the 

asci. x 500. 

K. AseoRpores. x 500. 

L. Diagram of a vertical section of a stipitate stroma of the Fuckelia stage, x 10. 

M. Vertical section through half of a pycnidial stroma showring the gross morphol¬ 

ogy of the parts, x 75. 

Scleroderris abieticola 

N. Diagram of vertical sections of both a closed and an open mature apothecium. 

The closed apothecia arc almost spherical and more stipitate than in the 
other tw'o species described here, x 10. 

O. Vertical section through half of an apothecium, showing the gross morphology 

of the parts. Note particularly the complex structure of the excipulum and 
stipe. The hypothecium is merely a hyaline, gelatinous medullary region 
of the apothecium. x 75. 

P. Asci and paraphyses. The length of the latter does not greatly exceed that of 

the asci. x 500. 

Q. Two types of abnormal asci frequently seen. In one type there are 4 abnormally 

large ascospores; in the other are 4 large spores and 4 very small or ex¬ 
tremely aberrant spores, x 500. 

B. Ascospores. x 500, 















APPARATUS AND METHOD FOR OBTAINING STERILE 
FILTRATES OF BIOLOGICAL FLUIDS 

Eusky R. Rankeri 

INTRODUCTION 

During a study of the physiology of disease resistance certain investi¬ 
gations were undertaken that involved obtaining sterile nonheated filtrates 
of the expressed juices of various parts of the host material involved. 
These filtrates were to be used in a comparative study of the effect of fil¬ 
trates from resistant hosts and from susceptible hosts on the growth of the 
pathogene when cultured in those filtrates. 

The number of hosts to be tested, the quantity of host material to be 
used, and the hundreds of sterile filtrates to be obtained made it imperative 
that any filtration apparatus used should meet certain definite require¬ 
ments. These were: (1) The apparatus should be capable of producing 
absolutely sterile filtrates consistently when properly handled. (2) Once 
set up, it should not require further attention during the process of filtra¬ 
tion until disconnected to obtain the sterile filtrate. (3) The apparatus 
should be constructed of parts that could be made in any laboratory by 
any one having some skill in glass blowing. (4) It should be compact, easy 
to disconnect to obtain the filtrates and to assemble for sterilization. 
(5) The receptacle for collecting the sterile filtrate should be constructed 
to facilitate subsequent transfer of the filtrate to various culture vessels 
without undue danger of contamination. (6) The apparatus should be so 
constructed as to permit sterilization in an autoclave after it is completely 
assembled, namely, so that but two operations are required to start the 
filtration process, (a) to connect to a source of vacuum and (b) to cover 
the surface of the filter with the juice to be filtered. 

It is obvious that this sixth requirement and the large number of filtrates 
to be obtained would prohibit the use of agar, paraffin applied hot, and 
similar materials that frequently are recommended as suitable for sealing 
joints. Such substances, when so used, are unsatisfactory and it is ad¬ 
visable, when possible, to avoid them. The repeated use of heated paraffin 
to seal a joint adjacent to a porous filter surface ultimately renders that 
surface useless as a medium for filtration. This is true especially if the 
filter is alternately sterilized, even though the paraffin may have been care¬ 
fully removed. 

1 Formerly Associate Physiologist, Office of Cereal Crops and Diseases, Bureau of 
Plant Industry, United States Department' of Agriculture. 

m 
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A review of the literature revealed a dearth of described apparatus that 
could be used satisfactorily for this work. The apparatus used and de¬ 
scribed by McBryde 2 seemed to meet certain requirements, but the suction 
flask is rather complicated in construction and the calibrations are not suf¬ 
ficiently accurate. This apparatus makes use of the Chamberland-Pasteur 
filter. When uniformly sterile filtrates are desired, this has a decided ad¬ 
vantage, as pointed out by McBryde, over the standard equipment consist¬ 
ing of a glass mantle attached to a Berkefeld filter that leads directly into a 
suction flask. McBryde, however, recommends the use of paraffin to seal 
the various joints which would include the joint between the filter surface 
and the vessel containing the liquid to be filtered. 

The apparatus reported by McKinney 3 employs standard equipment 
used in connection with the Berkefeld type of filter with the addition of a 
“filter tube” to increase the efficiency of the filter. The recommended use 
of such joint-sealing materials as hot paraffin, however, as a means of adapt¬ 
ing this filter tube to use with other than the Berkefeld type of filter, would 
prohibit the use of this apparatus for the work at hand. Furthermore, the 
Berkefeld alone is not reliable for the uniform production of sterile filtrates 
except under certain conditions. These filters having the same degree of 
fineness, vary widely in permeability, and for each filter it was found that 
there was a time limit for filtration beyond which sterile filtrates were not 
produced. It was decided, therefore, to devise a filtration apparatus for 
this work. The one here described proved to be completely satisfactory in 
the production of nearly a thousand sterile filtrates and has wide applica¬ 
bility. 

THE APPARATUS AND ITS USE 

The apparatus that was finally developed, after several attempts, and 
was tested by the production of nearly a thousand sterile filtrates, is illus¬ 
trated in figure 1. 

When properly set up the apparatus shown in figure 1 produces practi¬ 
cally 100 per cent sterile filtrates from the same vacuum source and with 
no increase of time because the process of double filtration continues simul¬ 
taneously. The first filtration is done by a Chamberland-Pasteur filter (A), 
of fineness “B,” which connects to the T-shape side arm of the glass tube 
enclosing a Berkefeld filter (size 1x2 inches; fineness “w”) through which 
a second filtration of the same juice is accomplished. The sterile filtrate 
thus continues through the system and is collected in the flask (D), which 

* McBryde, C. 5T. Filtration experiments with Bacillus choleras suit. XT. S. Dept. 
Agr., Bur. Animal Indus. Bui. 113. 1909. 

3 McKinney, H. H* A method of increasing the efficiency of filter cylinders. Phy- 
topath. 14: 5854086. 1924. 
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Fig. 1. Apparatus devised to obtain sterile filtrates of the juices of biological 

materials. 

is of 250 cc. capacity but may be of any desired size. The flask (D) is an 
ordinary Pyrex Erlenmeyer flask into which a side arm has been sealed. 
The flask carries a bent-glass tube (d), plugged loosely with cotton to pre¬ 
vent possible contamination of the filtrates, and to this tube the source of 
vacuum is connected. 

The assembly at (a) consists of a bent-glass tube filled with cotton and 
connects, through a short length of rubber tubing, to the T-shape side arm 
of (C). A screw clamp on the rubber tube is closed during operation. This 
assembly is used to obtain the filtrate contained inside the Chamberland- 
Pasteur filter (A) if needed. The filter is removed from the flask (B) and, 
while held in an inverted position, is shaken up and down rapidly to eject 
about 5 cc. of the contained liquid. This done, and with the filter main¬ 
tained in an inverted position, the clamp at (a) is unscrewed to release the 
vacuum in the filter (A) very slowly. The sterile cotton in the bent-glass 
tube at (a) filters out contaminating organisms from the incoming air and 
the Berkefeld filter (C) holds the vacuum in the balance of the apparatus. 
After the vacuum in the filter (A) has been thus released the screw clamp 
at (a) is tightened immediately and the resulting vacuum causes the filtrate 
contained in the inverted filter (A) to run out and continue on through the 
apparatus to the flask (D). It may be necessary to repeat this procedure 
a second time. 
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The flask (B) is a Kjeldahl flask (500 cc.) with the neck stoppered and 
with a hole blown in the bulb end large enough to admit the filter (A). This 
flask is used to contain the juice to be filtered. It needs to be filled but once, 
the bulb acting as a reservoir. The neck of the flask fits closely around the 
filter (A) and maintains the filter at a high rate of efficiency due to the fact 
that only 25 to 30 cc. of juice in the neck of the flask will wet the entire 
surface of the filter. There are no joints that need to be sealed with agar 
or hot wax. All rubber tubing used in making connections is thick-walled 
(4 inch bore and $ inch wall) to withstand the external pressure during the 
process of filtration. 

Before use, the assembled apparatus shown in figure 1, with the excep¬ 
tion of the inverted Kjeldahl flask (B), is sterilized in an autoclave for 30 
minutes at a pressure of 15 pounds. When setting up the apparatus but 
two operations are required, namely, to place the filter (A) into the inverted 
Kjeldahl flask (B) and to connect the apparatus to the source of vacuum 
through the bent-glass tube (d). During operation the clamp at (b) is 
open and the clamp at (a) is closed. Evacuation should be maintained at 
an equivalent pressure as near 30 inches of vacuum as possible. 

When sufficient filtrate has collected in the flask (D) and it is desired 
to stop the process, (1) the clamp (b) is screwed down tightly, (2) the 
vacuum in flask (D) is very slowly released by breaking the rubber-tube 
connection on the bent-glass tube (d) after the source of vacuum has been 
shut off by a suitable clamp, and (3) the flask (D) is then disconnected 
from the remainder of the apparatus by removing the rubber tube from 
the metal-tube outlet of the Berkefeld filter (C). 

The flask (D), which contains the sterile filtrate, after being thus dis¬ 
connected, carries the bent-glass tube (d) filled with sterile cotton to pre¬ 
vent contamination of the filtrate. The side arm of this flask carries the 
short length of rubber tubing that is securely closed by the screw clamp 
(b). In this condition the flask (D) serves as a convenient and efficient 
means of transferring the sterile filtrate to such culture vessels or measur¬ 
ing devices as may be used. To accomplish this transfer, which preferably 
is done in a transfer room that has been steam-sterilized, (1) the rubber 
tubing on the side arm is removed, (2) the side arm is heated gently in a 
flame, and (3) the filtrate is poured out through the side arm into the cul¬ 
ture vessels. This may be done either directly or into some suitable measur¬ 
ing device and from this into the culture vessels if it is necessary to measure 
the filtrate used. 

This apparatus is adapted to being set up in series on the same vacuum 
line. A battery of apparatus so set up is illustrated in figure 2. 

The efficiency of this^ apparatus through the use of the inverted Kjel¬ 
dahl flask (Pig. 1,*B) haS been Indicated. Its efficiency is increased by its 
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Fia. 2. Battery of filtration apparatus set up and in operation. The inverted Kjel- 
dahl flasks (Fig. 1, B) are held in place by small copper wires twisted around the lower 
horizontal iron rod. Most of the weight of the apparatus is supported by the burette 
clamps around the necks of the flasks (Fig. 1, D). The vacuum line is extended by 
means of glass T-tubes connected together by thick wall rubber tubing. All connections 
not subject to sterilization are shellacked. 


general utility as a whole or in part. Any of the standard types of filters 
may be connected to the apparatus as the Chamberland-Pastenr filter (Fig. 
1, A) is connected. Where only a single filtration is desired the filter may 
be connected directly to the flask (Fig. 1, D), thus taking advantage of the 
increased efficiency of filtration through the use of the inverted Kjeldahl 
flask, which, in its various sizes, is adapted for use with most filters. 

The apparatus illustrated in figures 1 and 2 has been used to obtain 
more than a tnousand sterile filtrates. The number of contaminated fil¬ 
trates that developed has been negligible. At intervals it is necessary to 
replace the stoppers and rubber connections as repeated sterilization causes 
the rubber to lose its elasticity. 


SUMMARY 

An apparatus for the uniform production of sterile filtrates is described. 
It is of simple construction, of high efficiency as a medium of filtration, and 
of wide utility. The apparatus is readily adapted to the use of practically 
all types of filters without the use of such joint-sealing materials as agar or 
hot wax, which are so frequently recommended for such use. 









A BRUSH TREATMENT OF MOLDY STAVES 1 
Dow V. Baxter 


The molding of staves has occasioned such severe losses throughout the 
South-Central and Southern States that mill owners have been forced to 
try various control treatments. Mill owners also have followed different 
prophylactic practices in the handling of the wood in the effort to lessen the 
possibilities of mold development. Some of these practices and the reasons 
for them are as follows: (a) By felling the timber in the winter when tem¬ 
perature conditions are not optimum for the rapid growth of mold, much 
molding of the staves is prevented, (b) Through immediate hauling of the 
logs or bolts to the mill, thus preventing the wood from being exposed to 
mold fungi in the woods, (c) By construction of dry foundations for bolts 
in the yard, (d) Through immediate sawing of all raw stock in the sum¬ 
mer. Insect attack on timber felled in the summer causes serious losses in 
green wood. It is estimated that stave timber bolts and logs may be ren¬ 
dered worthless within three weeks after felling (from June to September) 
by insect attack. Felling timber in the winter avoids much of this loss. In 
the summer time bolts may become molded within a week. Rot, especially 
in gum, follows within a week of this blacking if optimum conditions for 
fungus growth are present. Most mill men cannot afford to have their 
yards filled with stored bolts during the spring and summer because of the 
rapid growth of mold during this season, (e) By the construction of suit¬ 
able drying sheds which allow rapid seasoning of the staves. Since dry 
staves do not mold, these open sheds or buildings are ordinarily constructed 
so that they extend in a north and south direction. Usually the racks of 
staves are run east and west. This facilitates the drying out of the staves 
within a short time, after the wood has left the steam box. 

Various chemical treatments have been tried with differing degrees of 
success in the effort to check molds and stains in wood. 2 Sodium fluoride, 
sodium bifluoride, sodium carbonate, and sodium bicarbonate have been used 
in treatments. Lime has been employed in the yards without any success. 
Mercuric chloride is probably one of the best antiseptics used to prevent 
mold in the steamed wood, but it cannot be applied to cooperage in which 
foodstuffs are shipped. Other chemicals are of doubtful value because they 
are ineffective or they may stain the wood or they may otherwise render it 
unfit for retention and shipment of foodstuffs. 

1 Contribution No. 14 from the School of Forestry and Conservation, University of 
Michigan. 

* Howard, N. O. The control of sap-stain, mold, and incipient decay in green wood 
with special reference to vehicle stock. U. S. Dept. Agr. Bui. 1037. 1922. 
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Kiln-drying of stave wood has been found to be the most effective means 
of controlling mold, but the cost of installing a kiln is practically prohibitive 
even in the larger mills. The installation of a kiln in the smaller mills may 
represent an outlay of money greater than the cost of all the remaining 
equipment of the mill. There are additional objections to the drying of 
staves in kilns. Many mill operators object to the cost of fuel required to 
run a kiln. The wood which would be required to run the kiln is ordinarily 
sold and is depended upon as a source of revenue for the mill. Kiln-dried 
staves also are subject to warping. It is estimated that at least 10 per cent 
of the kiln-dried staves are so badly warped that they are rendered prac¬ 
tically worthless. The remaining staves may be so badly warped that they 
are often degraded. 

ECONOMIC IMPORTANCE OP MOLD IN STAVES 

It has been estimated 8 that fungous stains in lumber cause an annual loss 
of over ten million dollars. Although mold has been considered of little im¬ 
portance in producing permanent discolorations in lumber, losses brought 
about by mold fungi in stave wood amount to thousands of dollars (Pig. 1, 
A and B). Little consideration has been given to moldiness in lumber be¬ 
cause the molded surfaces can be so readily planed off in working up the 
wood. It can be seen readily that such small products as staves cannot be 
economically planed, even assuming that their dimensions would remain 
unaltered and that the staves themselves present a plane surface. 

The losses caused by molds in staves vary with the kind of timber used 
and with the location of the mill. The observations recorded in this paper 
were made largely at the East Prairie Stave Company mill at East Prairie, 
Missouri. Bed gum, the leading wood used in stave production, is most sub¬ 
ject to molding in southeastern Missouri. Moldiness in elm, a species rank¬ 
ing next to gum in stave manufacture, places it second to red gum in sus¬ 
ceptibility. Hackberry also may be placed in the same class with elm. It is, 
however, more subject to stain (blackening) than to mold. Sycamore is 
subject to a “rust,” but this is not serious. Losses in maple staves are not 
appreciable, and ash very seldom molds. It is estimated that 60 per cent 
of the gum and hackberry staves and 10 per cent of the elm staves are dam¬ 
aged during the summer. When moisture and temperature conditions are 
most favorable for fungous growth (ordinarily between June and the last 
of September), mold may appear within three to five days after the staves 
are put out in the racks. These large tosses are general in Arkansas, Mis¬ 
sissippi, Tennessee, and Louisiana, as well as in southeastern Missouri. 

, In Mississippi and farther south the molding season is longer and 

greater losses are consequently suffered. It happens, however, that losses 
, * 

* Hubert, E. E. The grown fctfcin* of lumber. The Timberman 27, No. 7. 1926. 
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Flo. l. A. Moldy staves, East Prairie, Missouri. (Roughened surface iadieates moldy 
condition.) B. Moldy staves in stacks, East Prairie, Missouri. (East side.) 
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vary even within the same locality. At mills located only 30 miles apart, 
the loss caused by mold may be very severe in one mill yard and negligible 
in another. When losses do vary within a given region at different mills, 
differences in relative humidity are believed to be responsible. One mill 
yard, for example, at Water Valley, Mississippi, located in the river-bottom 
lands, where fog is frequent, is subject to mold; the other mill yard, at 
Batesville, is located at the edge of the river valley, back from the lower 
bottom lands, and is almost free from mold. The humidity of the atmos¬ 
phere is undoubtedly lower in this latter locality. 

Although molds, stains, and decay develop very rapidly in the bolts 
before they are converted into staves during the spring and summer months 
(Pig. 2), the rapid sawing of the bolts into stave wood ordinarily prevents 



Fio. 2. Hackberry, elm, and two red-gum bolts in a yard at East Prairie, Missouri, for 
forty days. Bolts were bright when brought to the yard. 

serious loss in this material. Unless the bolts are immediately converted 
into staves at this season, decay will follow the mold and the wood will be 
rendered worthless within a very short time. 4 However, as the mold itself 
develops on the ends of the bolts it produces little damage and causes little 
or no degrade in the product unless it penetrates deeply into the ends of the 
bolts. As the 32-inch bolts 5 are cut to 30 inches it is possible to saw off both 
ends. Therefore, bolts that have not heen penetrated by mold to a depth 
greater than one inch on each end of the bolt are not damaged. Mold on the 

* Boltwood decays sometimes very rapidly even during the winter and early spring. 
An exceptional example from Mississippi may be cited. Elm bolts cut in January and 
ricked in the open on high ground were moved to the mill during the last part of May.' 
When the bolts were sawn into staves it was found that 100 per cent of them were worth- 
lees because <ff a “white rot. *’ The trees were apparently sound at the time of felling. 

® The bolts a& proctfbd in 39-inch lengths. 
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bolts and stave ends, however, offers sources of inoculum for the staves in 
the racks and may be the indirect cause for rapid mold development in the 
yards. 

PRINCIPAL FUNGI CAUSING MOLDINESS IN STAVES 

A number of fungi have been identified that cause decay in wood. 
Among these Graphium spp., Aspergillus spp., Cladosporium sp., and a 
number of species belonging to the genus Penicillium should be mentioned. 
In southeastern Missouri most of the damage is caused by species of the 
green mold, Penicillium. The so-called red mold causes very little damage. 

THE BRUSHER 

When stock cannot be treated chemically, either because of the partial or 
complete ineffectiveness of the treatment or because the product is to be 
used for shipping of foodstuffs, the operator suffers tremendous loss. When 



Fig. 3. Brushing machine, East Prairie, Missouri. A, drive shaft; B, steel brush; 

C, steel rollers, D, stave rack. 


operating conditions prohibit the installation of a kiln or when the product 
warps badly because of such rapid seasoning brought about by kiln drying, 
use of the kiln in immediate practice does not seem to offer results of the 
most practical value. 
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It is believed that a brushing machine, designed by Mr. D. D. Baker, 6 of 
the East Prairie gftave Company, offers a method for salvaging much of the 
damaged stock in the mill yards. After the moldy staves have passed 
through the jointer they are moved to the brushing machine for treatment. 
Following is a description of this machine. 

The brushing machine consists (Fig. 3) of two 10-inch, stiff steel-wire 
brushes, figure 3, B, so set that the brush tips barely touch. Two sets of 
steel rollers, C, are placed in front and also behind the two brushes. The 
speed of the machine is so set that the brushes have a peripheral speed with 
a ratio of 15 to 1 to the roller. This speed insures a sufficient brushing for 
the staves as they pass between the steel brushes. The brushes will take the 
staves at this speed as fast as one can feed them into the machine. The 
power for the brusher is furnished by the power plant used for generating 
the steam for the boxes in the mill. 

SALVAGED STAVES 

Brushed staves are placed in a grade known as 4 4 brushed number 1” 
(Fig. 4, A and B). This grade commands the same market price as bright 
number 1 staves. At present prices, moldy staves are worth $10.00 a thou¬ 
sand, while brushed red-gum staves are worth $13.00 to $13.50 a thousand. 
This saving is an important item to the mill operator when it is realized 
that, counting the time of the man needed to untie the bundles and feed the 
machine, the cost of brushing approximates only 40 cents a thousand. 
Table 1 indicates the amount of salvaged staves realized from this additional 
operation in the mill. The estimates given in this table are for the salvaging 
of staves by brushing during the molding season when conditions for mold 
growth are optimum. 

TABLE 1 .—The salvage of moldy staves by the brush treatment 


Species (arranged in order of their Percentage of moldy staves that can be 
degree of susceptibility to mold) salvaged by the brush treatment 

Bed gum Approximately 40 per cent can be salvaged during 

the spring and Bummer. Sapwood gum begins 
to decay within 30 days 

White elm Practically 100 per cent will brush. This figure is 

particularly gratifying when one considers that 
elm is second only to gum in importance in the 
stave industry 

Sydunore Practically 100 per cent will brush 


° The writer washes to*express his indebtedness to Mr. D. D. Baker for his coopera¬ 
tion and help during his visits at this mill. 
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Fig. 4. A. White elm staves, East Prairie, Missouri. 1, Bright No. 1; 2, Moldy elm 
(rust); 3, Brushed No. 1; 4, Moldy elm. B. Bed gum staves, East Prairie, Missouri. 

1, Bright No. 1; 2, Blue-stained gum, stam in wood before made into staves; 3, Brushed 

No. 1, 4, Moldy gum. 
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As the staves are dry after they leave the brushing machine, no loss 
from molding occurs after the staves have been bundled. Blue stains, which 
usually appear in the woods before the bolts reach the yards, “fleck” stains, 
caused by Penicillium, itself, and “rust” are not removed by the brasher 
The fleck stains left after brushing, however, do not prevent the staves from 
being placed in the brush number 1 grade. 

CONCLUSIONS AND SUMMARY 

1. Although stains, and particularly blue stains, in lumber have at¬ 
tracted much attention and have been the subject of numerous and long¬ 
time investigations in both Europe and the United States, very little infor¬ 
mation on the molding of wood is at hand. This is in part due to the fact 
that the molds generally have been regarded as superficial growths, readily 
removable by planing. The damage caused to staves by molding, however, 
amounts to an annual loss of thousands of dollars and a waste of valuable 
timber, as molds on staves cannot be removed by planing. It is, further¬ 
more, difficult and often impossible to give them effective chemical treat¬ 
ment Although staves are dried frequently in the kiln, there are several 
objections also to this treatment for stave timber. 

2. A mechanical method is described by which staves can be brushed 
between steel brushes. This method insures a salvage of practically 100 per 
cent of the molded white-elm and sycamore staves. The number of red-gum 
staves that may be salvaged depends somewhat upon the season. Approxi¬ 
mately 40 per cent of the red-gum staves, however, may be salvaged by 
brushing. These figures are believed to be particularly gratifying, as red 
gum is the leading wood used in stave production and white elm ranks sec¬ 
ond only to gum. The stave brasher here described is a very simple machine 
and can be installed without much added expense to the operator. The 
operating expense of the stave brasher approximates 40 cents a thousand 
staves. 

School of Forestry and Conservation, 

University of Michigan. 



MODIFIED PROCEDURE WITH THE KEITT SINGLE-SPORE 

METHOD 1 

Walter N. Ezekiel 

While using the single-spore method described by Keitt 2 the writer has 
tested various modifications and eventually developed a procedure that has 
proved exceptionally useful in isolating single-spore strains of many fungi, 
including species of Sclerotinia, Fusarium, Alternaria, Helminthosporium, 
Phoma, Chaetomella, Rhizopus, and Rosellinia. The details of the procedure 
are not new; but the combination not only retains the advantages of the 
original Keitt method in that it is simple, requires little special equipment, 
and is applicable to many kinds of spores, but also has the further advan¬ 
tages of greater rapidity and ease of operation. 

CHANGES PROM THE ORIGINAL METHOD 

The procedure outlined by Keitt is as follows: A dilution series is poured 
in petri dishes, in one of which a suitably located spore is selected under the 
microscope, usually after germination has rendered the sporeling easily 
visible. A special needle with a hollow, cylindric end (Fig. 1, b) is then 
used to cut out a disk of agar which includes the spore. This disk is trans¬ 
ferred by a second special needle, with a flattened and twisted tip, to an¬ 
other petri dish for further growth. 

The important change has been the substitution of a streak culture, in a 
petri dish of set agar, for the dilution series previously used. In plates of 
dilution series, spores w'ere distributed at various depths vertically and in 
unknown positions horizontally throughout the agar. Microscopic search 
for suitably isolated spores was, therefore, exceedingly tedious. With the 
streak isolation, on the other hand, spores are distributed only at a definite 
depth in the agar and in streaks of definite width and need be sought only 
along these streaks. All the inoculum is to be found in one plane of obser¬ 
vation with the 16 mm. objective. This has greatly reduced the time and 
energy necessary to find spores far enough apart in the agar to allow re¬ 
moval of individual spores in agar blocks. 

A straight chromel 3 needle with a broad, rounded tip (Fig. 1, a) has 
been substituted for the needle with the twisted tip formerly used for the 

1 Published with the approval of the Director as Technical Contribution No. 88 of 
the Texas Agricultural Experiment Station. 

2 Keitt, G. W. Simple technique for isolating single-spore strains of certain types 
of fungi. Phytopath. 5: 266-269. 1915. 

8 Chromel (or nichrome) wire of B. & S. gauge No. 24 has been found excellent 
for the needles mentioned. 
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Fig. 1. Single-spore procedure, a. Top and side views of needle with spatulate tip; 
b, top and oblique views of needle with cylindric tip; c, diagram of distribution of spores 
in a streak culture, the arrows indicating regions in which spores might be selected; 
d, position of agar disk, containing the selected sporeling, after transfer to agar slant. 

transfer of the agar disk. The straight needle is preferable when the disk 
is to be inverted as described below and also is useful in inoculating the 
streak plate. To prepare the two needles, the tips of two wires are first 
hammered flat. One tip is twisted to form the cylinder shown in figure 1, i, 
and the wire is mounted in a short handle 8 to 10 cm. long. The edges of 
the flattened tip of the other wire are smoothed, if necessary, with a file, and 
this wire is then mounted in a longer handle. 

A further change is the use of agar slants rather than petri-dish cultures 
for the sporelings selected. By inverting the agar disk as it is transferred 
and placing the disk at the edge of the slant, it is possible to obtain almost 
as clear vision of the selected spore and of growth from it as if the transfer 
were to a petri dish. Advantages of use of the tnbe are the greater freedom 
' from accidental contamination, especially when isolating slow-growing or- 
nanisms, and the. greater convenience of storage of tube cultures. 
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THE revised procedure 

Preparation of the streak plate. The agar should be suitable for growth 
of the organism at hand but need not be extraordinarily clear. Potato-dex¬ 
trose agar and oatmeal agar, filtered through absorbent cotton, have, after 
final sterilization, rather abundant, fine, granular precipitates, which have 
not hindered frequent use of these media. The granules aid in focusing on 
the surface of the agar, without obscuring vision of the spores scattered 
along the streaks. The consistency of the agar is of importance. It should 
be firm enough to permit the flat tip of the inoculating needle to make a 
definite scar in the preparation of the streaks but not be so dense as to make 
difficult the cutting out of the disks. The quantity of agar to be used per 
plate varies with the thickness of the glass bottom of the petri dish, since 
microscopic observation is through this to the opposite surface of the agar. 
Microscopic observation becomes more difficult as the depth of the agar in¬ 
creases, while manipulation of the agar blocks becomes easier. With the 
standard (95 mm. diameter) petri dish, 6 to 8 cc. of standard 1 per cent or 
1.5 per cent agar per dish has usually been satisfactory. 

The petri dish is flamed and the agar poured while both are hot, using 
the customary aseptic precautions. After the agar has cooled, a liberal 
amount of inoculum is taken up on the spatulate-tip needle, which is then 
drawn across the agar in a series of four or five parallel streaks. Two series 
of streaks are made in each dish when sufficient inoculum is available. 
Pycnidia, perithecia, or apothecia may conveniently be crushed in the drop¬ 
lets of water which condense on the cover of the dish and the resulting sus¬ 
pension then used in preparing the streaks. The broad tip of the needle is 
held flat against the surface of the agar and pressed into it hard enough to 
leave a mark visible macroseopically. This is done to aid in locating the 
streaks later, and such markings in the agar do not interfere with micro¬ 
scopic examination, except perhaps when working with unusually minute 
spores. The needle is rotated in the fingers very slightly at the beginning 
of each stroke across the plate, so that a portion of fresh surface touches the 
agar. As a result, each streak begins with a more or less crowded mass of 
spores but thins down to spores separated by increasingly greater intervals 
(Fig. 1, c). It is along the latter part of the streaks that isolated spores 
are found. 

Selection of single spores . Except with large, dark spores it is best to 
defer selection until 16 to 24 hours after preparation of the plates to allow 
enough growth to facilitate observation as well as to prevent selection of 
nonviable spores. 

The petri dish is examined through the bottom without opening it. First 
the 16 mm. objective is used to run along the streaks until an isolated spore- 
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ling is found. This is examined further with the 8 or 9 mm. objective to 
insure that only a single spore is at the center of the observed growth. If 
the sporeling appears satisfactory, a dot of ink is placed (with a fountain 
pen) directly over the sporeling. The petri dish can now, without danger of 
losing the place, be moved around to ascertain whether the space around the 
sporeling is actually free of other growth. After this, an ink ring is drawn 
around the original ink dot to indicate the clear working space around the 
spore. The plate is then turned with the top up and the agar disk cut 
around the spore. 

Cutting the agar disk . The cylindric-tip needle is flamed, cooled, held 
with its center exactly above the ink dot, plunged down rapidly and imme¬ 
diately withdrawn, thus making a circular incision around the spore. The 
ink dot may now be removed from the bottom of the petri dish; and the 
cylindric agar disk now marked off may be examined microscopically, 
through the bottom of the dish, to insure that the sporeling selected is actu¬ 
ally included in the disk and that no other growth is included in it. 

Transferring the agar disk. The flat-tip needle is slid under the disk, 
which is then raised and transferred to an agar slant. To facilitate obser¬ 
vation, the disk is placed with its upper surface against the glass at the edge 
of the slant but part way down the slant to insure sufficient moisture for 
growth. Since the spore was placed originally on the surface of the agar, it 
will now be quite close to the glass of the tube and may be examined usually 
not only with the 16 mm. objective but also with the 8 mm. objective. The 
rest of the disk should also be examined, as additional spores that were not 
observed in the previous view from below may possibly be found now in this 
surface view. 

Further check on the monosporous nature of the culture is obtained by 
rapid microscopic examination of the agar disk during further incubation. 
All growth should be from the single selected sporeling. 

SUMMARY 

The following procedure has been found useful for single-spore isolation: 

(1) A streak culture is prepared in a petri dish of set agar. 

(2) The dish is inverted and a suitably isolated sporeling is selected 
under the microscope and its position indicated with a dot of ink. 

(3) The "dish is turned up again and a disk of agar including the spore¬ 
ling is cut out. 

(4) The «gar disk is transferred to the edge of an agar slant. 

Texas Agricultural Experiment Station, 

College Station, Texas. 



A RHIZOCTONIA DISEASE OF SWEET ALYSSUM 1 


Paul E. Tiltoed 

In July, 1927, the writer’s attention was directed to a disease of sweet 
alyssum, Alyssum odoratum, occurring in a garden in Wooster, Ohio. Sweet 
alyssum is commonly used as a border around beds of annual flowers. The 
plants are set close together, thus forming a dense, low, hedge-like border. 

SYMPTOMS AND ETIOLOGY 

The disease started in the lower portion of the plants, whertf the leaves 
and stems lay on the ground. These diseased parts first appeared water- 
soaked and looked as if they had been scalded. The disease progressed 
rapidly, rotting the leaves and causing them to shrivel up (Fig. 1). Defi- 



Fia. 1. Sweet alyssum plant affected with Bhizoctonia, on left; healthy plant, on right. 

nite lesions appeared on the stems and usually the portion of the plant 
above the lesion was killed. Leaves on the upper part of the plant appeared 
normal unless a large lesion occurred lower down on the stem. In no case 
were lesions noted on the main stem below the level of the soil. 

1 Published with the permission of the Director of the Ohio Agricultural Experiment 
Station. 
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Early in the morning or during rainy periods an abundance of a cob¬ 
web-like mycelium was visible on the diseased plants. Microscopic examina¬ 
tion of this fungus showed it to have the morphological characteristics of 
Rhizoctonia. A Rhizoctonia was isolated from the diseased stems and leaves 
and grown in culture. Healthy plantings of sweet alyssum were inoculated 
with the organism and after 18 days (during this period there was consid¬ 
erable rain) the plants were badly diseased. The organism was reisolated.- 

Peltier 2 has reported a Rhizoctonia on sweet alyssum grooving in pots in 
the greenhouse. He states that small lesions were formed on the stems near 
the ground. Teng 8 has recently described a Rhizoctonia disease of Lobelia 
which in many respects is similar to the disease of sweet alyssum reported 
here. Also, the brown-patch disease of grass, originally described by Piper 
and Coe, 4 shows similar characteristics. 

The sweet-alyssum Rhizoctonia was grown on oatmeal and potato-dex¬ 
trose agar at different temperatures and compared with other Rhizoctonias 
isolated from potato, aster, and chrysanthemum. Agar was poured in petri 
dishes to a depth of about 5 mm. Small bits of inoculum were transferred 
from 3-day-old tube cultures to the center of the agar plates. The plates 
were then placed inside paper bags and put in constant-temperature incu¬ 
bators ranging from 5° C. to 30° C. at 5-degree intervals. The plates were 
examined at 12-hour intervals and measurements made of the radial growth. 
Two plates were used with each organism at each temperature, and the two 
measurements were averaged. 

The organisms isolated from aster and chrysanthemum grew at about 
the same rate. The sweet alyssum organism grew a little faster at 30° and 
at 15° than the other two. All three grew faster than the potato organism. 
This was especially true at 30°. All four organisms grew faster on oatmeal 
agar at 10° and 15° than on potato-dextrose agar at these temperatures. No 
growth occurred in any case at 5° C. The experiment was discontinued 
after 168 hours. The rate of growth of the four organisms on potato-dex¬ 
trose agar is shown in figure 2. 

The color of the mycelium of all four organisms ranged from white at 
the lower temperatures to dark brown at the higher temperatures. Zona- 
tion occurred only in the case of the organisms isolated from aster, chrysan¬ 
themum, and potato. The sweet-aylssum organism formed abundant brown 
to black sclerbtia which seemed to pile up on eaeh other, thus forming large 
irregular sclerotia. 

* Peltier, O. *Xj. Parasitic Bhisoctonias in America. HI. Agr. Exp. Sta. Bui. 1S9. 

me. . 

I Teng, S. C, RhisoctonosiS of Lobelia. Phytopath. 19 : 585-688. 1929. 

« Piper, C. V., ep<l BL 8. Coe. Rhisoetopia in lawns and pastures. Phytopath. 9: 
89-92. 1919. 
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Fio. 2. Effect of temperature on rate of growth of different strains of Bh\zoctonia 

solani on potato-dextrose agar 

• * —.. Isolated from potato. 

- 44 4 4 sweet alyssum. 

. 4 4 4 4 chrysanthemum. 

- 4 4 4 4 aster. 

While the sweet alyssum Rhizoctonia varies considerably from the potato 
Rhizoctonia, yet there are no morphological or physiological characteristics 
to suggest that it should not be classed as Rhizoctonia solani Kuhn. Both 
Monteith and Dahl 5 and Peltier 6 have reported great variations in the 
growth characters of Rhizoctonia solani when isolated from different hosts 
and grown in culture. Peltier reports similar variations when different 
strains, isolated from the same host, are compared. 

8 Monteith, J., Jr., and A. 8. Dahl. A comparison of some strains of Bhisoctonta 
solani in culture. Jour. Agr. Bes. 36 : 897-903. 1928. 

8 Loc . eit . 
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CONTROL 

Plantings of sweet alyssum in which the disease was very serious were 
sprayed with 4r-6-50 Bordeaux mixture on July 25, 1927. A second treat¬ 
ment of Bordeaux was made on August 1. Parts of the planting were left 
nonsprayed to serve as checks. After 18 days the disease was completely 
checked on the sprayed plants. They were sending out new shoots and 
growing well. The disease had progressed in the nonsprayed plants and at 
this time they were practically dead. Sweet alyssum can be thoroughly 
sprayed without drenching the soil and no ill effects should follow from an 
accumulation of copper in the soil, as is the case when Bordeaux is used to 
control brown patch. 

SUMMARY 

1. A Rhizoctonia disease of sweet alyssum is described. 

2. The organism is compared with Rhizoctonia solani Kuhn isolated 
from potato and with Rhizoctonia isolated from aster and chrysanthemum. 
The sweet alyssum organism is a strain of Rhizoctonia solani Kiihn. 

3. The disease can be controlled by spraying with Bordeaux mixture. 

Omo Agricultural Experiment Station, 

Wooster, Ohio. 



NOTES ON PHYLL08T1CTA RAB1EI ON CHICK-PEA 

Roderick Sprague 

INTRODUCTION' 

Following the same general lines as those pursued in the recent work on 
diseases of legumes caused by Ascochyta, 1 the writer was able through mate¬ 
rials and cultures sent by Dr. D. Atanasoff from Bulgaria to determine that 
the common disease of chick-pea, Cicer arietinum L., caused by Phyllosticto 
rabiei (Pass.) Trotter, is distinct from any Ascochyta on legumes. This 
has been clearly shown, in part at least, by Trotter, 1 but his work does not 
seem to be widely accepted. In the light of recent studies by the writer 
and others it is thought advisable to publish this note. 

Although Trotter found no trace of septate spores in the herbaria he 
examined, this was not true of the writer’s study. Without reviewing the 
literature on the subject it may be mentioned that many texts list the chick¬ 
pea as a host for Ascochyta pisi Lib. Trotter examined all of the historic 
collections and concluded he was dealing with a Phyliosticta. An exami¬ 
nation of several French and Italian collections and a study of the fungus 
on inoculated plants convince the writer that faint septations, up to about 
per cent of the total, are commonly, though not always, present. These 
septations usually are visible only with the aid of an oil-immersion lens. 
Many spores show a constriction at their equator. In spores from inocu¬ 
lated plants a gradual formation of the oil-like contents into two separate 
masses is noted with the occasional constriction. sometimes resulting in a 
cross wall. 

COMPARISON OF SYMPTOMS 

A comparison of mature aerial lesions produced by P. rabiei with those 
produced by Myeosphaerella pinodes and .4. pisi, respectively, is given in 
table 1. 

COMPARISON OF CULTURAL CHARACTERS 

Tissue transfers on potato-dextrose agar (1 per cent dextrose), in test 
tubes under ice-box conditions, show a grey, felty growth with a small 
amount of a cream color, fluffy mycelium. Pycnidia develop in profusion 
at the top of the slant or along the sides next to the glass and exude pale 
pink spore masses. At first the medium turns opalescent and later becomes 
nearly blaek. These cultural characteristics contrast rather strikingly with 

1 Sprague, B. Host range and life history studies of some leguminous Ascochytae, 
Phytopath, 10: 017-032. 1929. 

* Trotter, A* Bir. PatoL Veg., n. s. 9: 105-114. 1918. 
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TABLE 1 .—Comparison of mature aerial lesions produced on legumes by Phyllostieta 
rabiei, Mycosphaerella pinodes, and Ascochyta pisi, respectively 


Name of 
fungus 

Characteristics of lesions 

! ___ 

Color 

i 

donation , 

Border 

Pycnidia 

P. rabiei _ 

' Mottled brown 

1 

2-3 (rarely more) 

Vague to 

Very 


i to deep tan 

wide irregular 

prominent 

obscure 


l 

bands 

(rod) 


M. pinodes . 

, Dark brown 

Numerous 

Vague 

Obscure 

A . pisi ._ 

| Light tan 

None 

Prominent 

Prominent 

i 

i 


(red brown) 



the pink, fluffy mycelia and carrot-red pycnidial spore masses produced 
under similar conditions by A. pisi. 

Cultures of P. rabiei made by spreading spore suspensions in water on 
the surface of pea-soup agar show many acervuli and pycnidia exuding 
small flesh-color spore masses that run together and often nearly cover a 
plate. Scarcely any fluffy mycelium is developed. Often interesting 
tentacle-like patterns of pycnidia radiate from several central areas on a 
plate. 

In similarly produced cultures, A. pisi forms brighter, pink to carrot- 
red spore masses. Often these are fewer and larger and accompanied by a 
certain amount of evanescent, fluffy mycelium. 

Compared with U . pinodes under similar conditions both of tissue trans¬ 
fers and of plate cultures from spore suspensions, P. rabiei shows a far 
greater tendency to fruit and has a lighter mycelium with little, if any, of 
the dark brown color of M. pinodes . 

RESULTS OF ARTIFICIAL INOCULATIONS 

The method of inoculation was the same as that used in former work, 
namely, young plants were sprayed with Spore suspensions in water. In¬ 
cubation was in a spray chamber and further incubation in * moist loca¬ 
tion. Reisolations were made where lesions were obtained. 

The chick-pea organism showed negative results on several varieties of 
the garden pea, Pinna sativum, on Vida vUlosa, Lathyrus odoratus, 
Dolichos labldb, Lens ervum, and two varieties of Pkaseolus vulgaris . On 
the chick-pea water-soaked lesions appeared after five days. A few days 
later all but the most woody portions of the aerial parts of the host were 
dead and brown. Pycnidia developed in great profusion. This virulent 
blighting is the same type as seems to be common in Europe where 
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its scourge-like nature has attracted scientists since the days of Theophras¬ 
tus and Pliny. 

Inoculations on chick-pea with A. pisi, isolated from the garden pea, 
showed a doubtful tip injury to the chick-pea. In these inoculations strains 
of A. pisi both from the United States and Bulgaria were used. 

In recent work by the writer 3 it was shown also that 3f. pinodes could 
cause severe foot-rot injury to the chick-pea, as could A. pinodeUa L. K. 
Jones. In the present study one inoculation on the aerial parts of chick¬ 
peas gave doubtful infection. The amount of work done was insufficient to 
determine definitely if M. pinodes would severely injure the aerial parts of 
the chick-pea. 

DISCUSSION AND CONCLUSIONS 

Everything considered, including morphology, it is clear that P. rabiei 
is distinct from A. pisi . Its relation to M. pinodes is closer. In shape of 
pycnospores, characteristics of pycnidia, and in pathogenicity, the two have 
some similarities. However, the nearly total lack of septation in pycno¬ 
spores, differences in incubation period, difference in virulence on aerial 
parts, differences in host symptoms, the absence of a perfect stage in P. 
rabiei , and rather striking differences in cultural characters on agar make 
the two distinct. That M. pinodes may be found on the chick-pea in nature 
is highly probable, especially as a parasite producing foot rot. 

The position of the chick-pea organism in the genus Phyllosticta is not 
so definite as Trotter assumed it to be. He and the writer agree, however, 
that there may have been some past genetic connection with Ascochyta. 
That the disease of chick-pea caused by P. rabiei must be dealt with as a 
problem distinct from that of those diseases caused by A. pisi and M. 
pinodes ^respectively, is definitely shown. 

This study was made at the University of Cincinnati subsequent to work 
for the doctorate under the advisory direction of Dr. O. T. Wilson. The 
'writer is also indebted to Mr. Harry Muegel for translation of the extensive 
Italian literature. 

Department op Botany and Plant Pathology, 

Oregon State Agricultural College, 

Corvallis, Oregon. 




BOOK REVIEW 


Seymour, Arthur Bliss. Host index of the fungi of North America. 732 

pp. Harvard University Press, Cambridge, Mass. 1929. 

This book constitutes another outstanding contribution of Harvard 
University to those phases of botany especially pertinent to plant pathology. 
Its value is derived not only from the fact that a large part of a lifetime of 
labor has been devoted to its preparation, but from the skill and thorough¬ 
ness with which a vast literature has been handled. It is the seemingly 
impossible drqam of many a youthful mycologist brought to realization. Its 
dedication to the memory of William Gilson Farlow is at once a worthy 
tribute and a reminder of earlier associations. It recalls the fact that the 
Farlow herbarium and library must always continue of inestimable value 
to American mycology. It will also remind some of us that modern plant 
pathology in America began with the return of Farlow from de Bary’s lab¬ 
oratory in the mid-seventies to inaugurate his epochal studies on black knot 
and other Americah plant diseases at the Bussey Institute. The titles 
mycologist and plant pathologist were synonyms in the early days of our 
profession. This usage is met today in British literature. Perhaps this 
may permit the reviewer, as one who has favored the modern trend toward 
the physiological approach in pliytopathological researches, to stress the 
attendant danger that our younger professional recruits neglect their 
mycology. 

The present work should therefore be a frequent reliance to the present- 
day plant pathologists, as was the first edition, the Farlow-Seymour Pro¬ 
visional Host Index of over 40 years ago, to those then exploring our fields 
for parasitic fungi. Pertinent statements from the first and this second 
index merit quotation. From the first edition: “Believing that an approxi¬ 
mately complete list of our parasitic species and their hosts would aid 
materially in the advance toward a more accurate study of our mycological 
flora and would lessen the amount of indiscriminate species making which 
has already become a serious evil, the present index, the result of work ex¬ 
tending over several years, has been prepared for publication." From the 
second edition: “The primary object of this work is to indicate, so far as 
recorded in the literature, for each host plant, all the fungi known to grow 
upon it and for each fungus all the hosts upon which it grows." In addi¬ 
tion to their main purposes as indicated above, these scrupulously exact lists 
will, perhaps for years to come, serve as the most universally reliable 
American guide in mycological nomenclature. Their convenience will be 
felt in three respects—inclusive synonymy, correct spelling, and usage in 
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species capitalization. The author explains that he has decapitalized 
species names “whenever possible.” The conservative principle of using 
capitals for those derived from personal and generic names is, however, 
followed. The reviewer believes that American botanists should follow the 
practice of the zoologists in decapitalization of all species names. But for 
those who do not, this list will serve as a reliable basis of good usage. That 
it is practically impossible, however, for anyone to follow the rules of par¬ 
tial capitalization consistently is shown by the occasional deviations— e.g. t 
p. 368, “LdbreUa Pomi,” “Cylindrosporium pomi.” 

The inclusiveness of this index and the labor involved in its preparation 
are obvious when one notes that its 717 pages list some 80,000 names of 
hosts and fungi. The growth of a generation in American mycology is 
further indicated by the fact that the earlier edition of 213 pages contained 
only 23,000 or somewhat over one-fourth as many names. The usefulness 
as well as magnitude of the undertaking is again brought home if one ex¬ 
amines the length of the list of fungi which may be recorded as occurring 
on almost any widely distributed cultivated plant. For example, those on 
the common apple (Pyrus malus) occupy nearly 5 pages and include some 
340 named organisms. For each of some 75 of these, 2 to 8 names are listed 
as synonyms. As to the vexed questions of further unrecorded synonymy 
the author wisely indicates that “it is not the function of this work to solve 
botanical problems,” although it must “present problems to be solved by 
others.” “Each fungus name stands on its own merits, and the compiler 
has not changed it by substituting or adding a name more correct or better 
understood.” The author regretfully explains that this list does not follow 
the plan of the earlier work in arranging all synonyms in chronological 
sequence, thus giving the history of the name. 

The reviewer heartily endorses the statement that “no pains have been 
spared to make this index as complete and accurate as possible. ’ ’ This book 
should, therefore, be on the reference desk of every mycological and phyto- 
pathological library and laboratory. The author and his institution, Har¬ 
vard University, deserve our congratulations and thanks on the completion 
and publication of this monumental undertaking. May we hope that it will 
sometime be followed by the complementary publication of the completed 
Bibliography of North American Fungi of which the first volume under 
Farlow’s leadership and the patronage of the Carnegie Institution raised 
such great anticipations.— L. K. Jones, University of Wisconsin, Madison, 
Wis. 
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THE EFFECT OF AIR TEMPERATURE ON THE PATHOGENICITY 
OF RHJZOCTONIA SOLAXI PARASITIZING GRASSES 
ON PUTTING-GREEN TURF 1 

Lawkence S. Dickinson 

INTRODUCTION 

The observing green keeper recognizes a correlation between weather 
conditions and the appearance of the disease known as large brown patch. 
He frequently speaks of “brown patch weather/' Little or no practical 
use, however, is made of these observations. The active cause (Rhizoctonia 
solani Kuhn) of the disease is known, but little consideration has been given 
to air temperature as a possible factor in its control. 

Rhizoctonia solani is the fungus which causes the disease commonly 
called large brown patch. It attacks most grasses and is particularly 
injurious to putting-green turf. It develops a fine white cobweb-like mass 
of mycelium on or within the turf. The hyphae of this mycelium enter 
the grass leaf (usually through the stomata) and break down the cells, 
causing the leaf to shrivel and become brown. Only in the very severest 
attacks do the hyphae enter the grass stems or injure the grass roots. The 
fungus forms sclerotia, or resting bodies, that are able to withstand unfavor¬ 
able conditions. These sclerotia are found in most cultivated soils as dark 
brown, membranous, persistent bodies of corky texture and visible to the 
naked eye. They are about 2 mm. in diameter or larger. During weather 
unfavorable to the development of the fungus, sclerotia may fall upon the 
ground or remain on the grass leaves and stems until the return of condi¬ 
tions favorable to their growth. They are hardy to the usual extremes of 
temperature and, during the winter, are preserved in the soil or upon the 
dormant grass leaves and stems. The mechanical destruction of the 
sclerotia is impracticable, and their corky texture makes them resistant 
to fungicides. 

Scientists (2, 4, 5, 7, 11) have shown that the ability to induce certain 
parasitic fungous diseases is conditioned on a specific range of soil tempera¬ 
ture, together with other factors, and that there are maximum, optimum, 

1 Massachusetts Agricultural Experiment Station Contribution No. 105, 1930. 
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and minimum temperatures for the development of a given fungus. Jones 
(3) and-Richards (9) found that Rhizoctonia is most virulent to potatoes 
at soil temperature of 15°-21° C. “with a distinct and rapid lessening of 
the diseased condition at higher temperatures” up to 24° C., above which 
development was only of minor significance. They also found that the 
sclerotia at a soil temperature of 15°-18° C. produced the greatest number 
of hyphae. On the other hand, Rolfs (10) and Peltier (8) found that high 
temperature (30° C.), together with too much or too little moisture, deter¬ 
mined to a large degree the virulence of various strains of Rhizoctonia. 
Monteith (6) demonstrated that Rhizoctonia develops best at 83° P. when 
cultured in petri dishes stored in constant-temperature chambers. How¬ 
ever, almost no growth showed at 50° F. or 61° F. and only a third as 
much at 94° F. 

A review of the literature previously cited showed that nearly all scien¬ 
tific studies on Rhizoctonia have been made with potatoes as a host and 
that the temperature studies have been made with the fungus growing on 
potatoes in soils kept at various constant temperatures or by culturing the 
fungus on a nutrient medium in petri dishes stored at various constant tem¬ 
peratures. It is to be noted that none of the investigators has reported on 
the appearance of large brown patch or the development of the myeelia 
of Rhizoctonia in their relation to changing air temperatures. 

As the sclerotia and myeelia of Rhizoctonia generally are prevalent in 
most soils and large brown patch appears only occasionally, it would seem 
that the disease is not so much dependent upon the presence of sclerotia 
or mycelium as it is on favorable environmental conditions. 

In turf the sclerotia are subjected more to air than to soil temperatures, 
since most of them are on the surface of the soil or on parts of the grass. 
This surface soil of short-grass putting-greens is more quickly affected by 
a change in atmospheric temperature than surface soil under taller grasses 
of lawn turfs. Furthermore, it has been observed by agrostologists, 
pathologists, and green keepers that putting-greens are more susceptible to 
brown patch than lawns or fairways. On putting-greens the mycelium 
frequently appears at the greens edge and not in the adjacent taller grass 
of the same species. Thus, it would seem, the sclerotia develop myeelia 
more favorably where the atmospheric temperatures exert their greatest 
influence. 

OBSERVATIONS LEADING TO LABORATORY STUDIES 

During the past five years the writer has obtained many data concerning 
.these environmental conditions which favor the appearance and develop¬ 
ment of the iarge-brown-patch disease. The sources of these data were 
personal observations, contact ♦ith green keepers, and professional journals. 
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SVMMARY OF DATA FROM GREEN KEEPERS AND PROFESSIONAL JOURNALS 

Because the reported observations have been made in the morning after 
development of large brown patch had started, investigators and green 
keepers have been led to believe that the disease is nocturnal (6, 1). On 
the other hand, in the test plots at the Massachusetts Agricultural College, 
it has appeared in both mid-afternoon and late afternoon, following certain 
environmental conditions. Also, it is quite probable that this disease, 
appearing on many greens in the late afternoon, was not observed until the 
following morning. 

The large brown patch may appear on any putting-green comprising 
grasses that are susceptible to the disease, but it appears definitely and 
more often on putting-greens where the soil is low and poor and the air 
drainage is defective. The disease also appears following afternoon water¬ 
ing on hot days and subsequent to a rapid drop in air temperature from 
8()°-9f> c F. to fl0°-70° F. Putting-greens that have been rapidly cooled by 
a chilling wind, rain, or the settling of cool air over low' areas are very 
frequently attacked by the disease. 

The disease appears as a mild attack or fails to appear during cool 
periods, continued hot periods, following evening watering or dewless 
nights, or on putting-greens that receive little or no artificial watering. 

Humidity appears to influence the appearance of the disease only as it 
influences the air and surface soil temperature. Under certain temperature 
conditions the disease will appear on upland and exposed putting-greens, 
as contrasted to the low land and enclosed greens. 

FIELD OBSERVATIONS 

Three experimental putting-greens at the Massachusetts Agricultural 
College are being employed in this investigation. The greens are located 
side by side, and each one has a uniform soil of medium heavy loam. The 
greens are exposed to direct sunlight until late afternoon when the western 
halves are in shadow'. Air circulation is unrestricted except for a distant 
w f ind-break on the south and east sides. Each green is seeded or planted 
in ten-foot squares with varieties and strains of putting-green grasses. 
(Metropolitan, Washington, Flossmorc, Virginia, Columbia, and Rockford 
strains of creeping bent; Kernwood, Newport, and Fall River strains of 
velvet bent; Rhode Island, Colonial. South German, Cocoos, and Fiorin 
bent; Red and Chewings fescue.) The mean elevation above sea-level is 
242 feet. The areas are Green 1—1,000 square feet, Green II—4,200 
square feet, Green III—3,000 square feet. 

Three years ago it was noted that the appearance of large brown patch 
regularly followed a rapid fall of air temperature, provided the cooling 
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was immediately followed by a rise in air temperature. It also was noted 
that the fungus appeared from three to three and a half hours after the 
rise in air temperature began, and, if its growth "were destroyed at once by 
attrition, such as poling, by vigorously sweeping a bamboo pole back and 
forth on the surface of the green, or by fungicides, there was no injury to 
the turf. It was observed also that the growth of the mycelium was more 
rapid when the cooling was accompanied by rain. The practical signifi¬ 
cance of such conditions was realized and led to further studies during the 
past two years. The environmental conditions have been so accordant that 
each appearance of the disease and its degree of severity could be forecast. 

Definite Data of Air Temperature as Correlated with Appearance of 
Large Brown Patch. To obtain temperature data, a Weather-Bureau 
instrument shelter was placed in the center of the putting-green area. In 
the shelter were installed a standard thermograph and corrected maximum 
and minimum thermometers. The thermograph is checked twice daily 
against the thermometers and is one foot above the turf. The thermometers 
are ode foot higher. In presenting these data it is realized that the air 
temperature outside the shelter has a wider range than on the inside. 

The humidity records were obtained during 1928 by means of a sling 
psychrometer rotated breast-high above the grass. Because the humidity 
records were inconsistent at the time of the appearance of the disease and 
because of the greater degree of humidity in the dew-laden grass little 
value could be given to the humidity readings. They were not recorded in 
1929. Further meteorological data, such as sunshine, cloudiness, and 
rainfall, are obtained from the college station, located five hundred yards 
to the west of the experiment greens. 

The records also showed that if the optimum temperature range (64°- 
68° F.) is reached from a lower temperature, the air must remain from 
eight to ten hours at a nearly constant temperature within the optimum 
range to secure growth of sclerotia. 

Summary of Field Observations. A summary of the evidence secured 
from field observations to date clearly indicates a close correlation between 
air temperature and the appearance and development of Rhizoctonia solani. 
Two phenomena must be given consideration, the growth of short mycelia 
from the sclerotia and the development of these mycelia from inactive 
organisms dependent on the sclerotia for food to independent parasitic 
organisms. (Field and laboratory observations repeatedly showed that 
the sclerotia grew short mycelia (10-15 mm.) soon after they had been 
chilled These short mycelia remained inactive until environmental condi¬ 
tions favorecL Jheir further development or they were destroyed.) 
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Development of Mycelia from Dormant Selerotia 

Representative Thermograph Readings Selected from Three Seasons* Records 

Record A 



t'nder field conditions, if the optimum temperature was reached from a higher 
temperature, growth did not occur unless the change was very rapid. 


1. Xo growth of scl< otin was expected, since abrupt drop in temperature failed to 

reach the optimum range (64°-68° F.'i until four hours after the fall, indicated 
ns A. 

2. Xo growth of selerotia was expected, since the optimum range was not reached. 

3. Very severe attAck was expected and did occur, since the sudden drop in air tempera- 

ture was to the optimum range, indicated at B. Spread of mycelium began at 
4:30 p. m, (73° F.), indicated at C. Immediate poling completely checked the 
mycelium already developed. On a nonpoled plot the spread of mycelium was 
noted until the temperature fell to 70° F. 

The optimum temperature range for the growth of the short mveelia 
from the selerotia appears to be between 64° and 68° F., and the required 
duration of temperature within such range is variable. 

The mycelia will appear in from 30 minutes to one hour after the 
chilling to the optimum stage. 

The development of the fungus to the point of becoming actively para¬ 
sitic is concurrent with a rise in air temperature. 

Virulence appears to require a rather rapid rise in air temperature 
from 64°-68° F. to between 80°~85° F. Parasitism commences at about 
73° F. and ceases at 90° F. If the air temperature falls below 62° F. the 
mycelia on the selerotia are destroyed. 
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After short growth from the selerotia the mveelia will remain inactive until en¬ 
vironmental conditions favor their development, or they may be destroyed by attrition 
or excessive heat or cold. 


1. It is to be noted in the instance illustrated that on Thursday growth of the selerotia 

should be expected at between 7 and 8p. m. (A). The temperature was too low 
for rapid mycelial development but, realizing that there were many selerotia cov¬ 
ered with very short mveelia, the green w r as not disturbed. 

2. On Friday no attack was noticeable to the ordinary observer because the mveelia had 

not developed sufficiently to be visible as cobweb-like masses. 

3. Saturday observations at 7, 8, 9, 10 and 11 a. m. found no apparent attack of the 

fungus. Observation at 11:45 a, m. found that the mycelia had develo|»ed so 
rapidly that the usual circular diseased patches were very noticeable. 

Following the occurrence of short mycelial growth from the selerotia 
further development of the organism probably is dependent on high 
humidity as well as air temperature. 

No reference has been made to other recorded meteorological data, such 
as rainfall and sunshine, because they failed to show vital significance to 
the mycelial development except as they affected the air temperature. The 
mycelium develops from the short nonparasitic stage more rapidly on moist 
grass than on dry. and it makes little difference whether the moisture on 
the grass is obtained as dew, rainfall, or artificial watering. Yet, several 
attacks have been observed on dry grass. 

The observations recorded are practical evidence of the soundness of 
the opinion that a rapid chilling of the air temperature is a very important 
factor in the appearance of Rhizoctonia solani on grasses. In the appear¬ 
ance of the disease, moisture seems to be of more consequence as a modifier 
of the air temperature than as a direct factor in the growth of the selerotia. 

It is to be noted these records showed that during the “brown patch 
qpaaon 1 * there were only 5 per cent, of the days in which environmental con¬ 
ations favored growth <tf the selerotia and subsequent mycelial develop¬ 
ment. By being able to forces^ the appearance of the disease and confine 
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TABLE 1.— Records of field observation after sufficient data had been collected to 
indicate favorable and unfavorable conditions 



1928 

1929 

Date of first record 

July 1 

May 27 

Date of last record 

Oct. 31 

Oct. 1 

Number of days observed 

123 

123 

Number of days favorable to virulent attack 

Number of attacks occurring on days unfavorable to 

7 

3 

1 

virulent attacks 

0 

0 

Number of days disease observed 

7 

5 

First attack 

July 9 

June 23 

Last attack 

Aug. 17 

Aug. 22 


the use of fungicides to such times, a green keeper can effect a considerable 
saving in the cost of golf-course maintenance. 

Practical Adaptation of Observations. To test the practical adaptation 
of the observations previously reported, two methods of control have been 
used: (1) Fungicides as preventives and controls and (2) attrition by 
severe poling. Xontreated and nonpoled plots were used as checks. The 
results when summarized show: 

1. A fungicide, if applied only when environmental conditions indicate 
its need, is inexpensive, a complete protection from attack, and seldom in¬ 
jurious to the turf. 

2. A fungicide as a control, if applied very soon after the sclerotia pro¬ 
duce the short mycelia, prevents further development of the mycelia, is in¬ 
expensive, and is seldom injurious to the turf. 

3. Attrition by poling very early each morning ta few hours after sun¬ 
rise) destroys the activity of mycelium that may have developed during the 
preceding 24 hours. Control by daily poling has been 60 per cent effective 
on the experimental plots. Complete control by this method is not possible 
because favorable environmental conditions for the growth of the sclerotia 
occasionally occur in late morning or during the afternoon, a fact overlooked 
by the majority of green keepers. 

4. Attrition by thorough poling soon after the sclerotia germinate affords 
approximately 100 per cent control, is inexpensive, and causes only a 
roughing of the turf, 

PETRI-DISH EXPERIMENTS 2 

Preliminary Laboratory Experiments. The object of the laboratory 
experiments was to check the field results by placing the sclerotia under 
more or less controlled conditions. 

* These experiments were performed at the Boyce Thompson Institute for Plant 
Besearch, Inc., at Yonkers, New York. To Dr. William Crocker, Director of the In- 
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A medium was prepared by placing a small amount of corn meal in 
each of six Erlenmeyer flasks and covering it with distilled water. The 
flasks were then plugged with cotton and sterilized in an autoclave. 

Rhizoctonia solan i sclerotia and mycelia were transferred to the Erlen¬ 
meyer flasks, the transfer being made in a sterilized transfer case. The 
sclerotia developed mycelia which, in turn, formed sufficient sclerotia to be 
used as supply colonies for future experiments. 

In each series of experiments an equal amount of potato-dextrose agar 
was placed in each petri dish as a medium. All transfers of Rhizoctonia 
sclerotia were made with a sterilized needle and in each colony there was 
placed approximately the same number of sclerotia. 

Measurements of mycelial growth were obtained by holding the petri 
dishes to a strong light and carefully tracing the outline of the mycelial 
area on cross-section paper divided 10x10 to the half inch. Thus, each 
unit of measurement represents 1/400 of a square inch. 

TABLE 2 .—Table showing average mycehal growth in units from one ooloiw of scltrolta 

in petri-dish cultures 


No. of 
exp. 

Conditions to which sclerotia 
were subjected 

Sclerotia chilled to 
optimum temper¬ 
ature range 

Sclerotia not chilled 
to optimum tem 
pernture range 
(Checks) 

Hours after chill¬ 
ing period 

31 171 

Hours after chill 
ing period 

31 171 

I. 

Average mycelial growth of all 
sclerotia used in the experiment 

24.3 

438 

i 

0.3 

225.8 

II. 

Maximum temperature 30° C. 
Minimum temperature 25° C. 
(Except chilling period) 

25.8 

449.8 

10.3 

347.3 

III. 

Minimum temperature above 30° 
C. (Except chiUing period) 

22.8 

| 

364.5 

11 2 

319 8 

IY. 

Maximum temperature below 25° 
C. (Except chilling period) 

0 

40.5 

0 

35 

V. 

Maximum temperature 35° C. 
Minimum temperature 25° C. 
(Except chilling period) .. 

au 

480.2 

j 

10.2 

411.3 

Vt. 

Minimum temperature above 35° 
C., (Except chilling period) 

1175 

43.75 

0 

16 
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Summary graph of petri-dish experiments with Rhizoctonia solani 


Percentage of sclerotia* 
showing mycelial growth 


No. of 
exp. 


Conditions to which sclerotia were subjected 


3} hrs. 

17$ hr#. 

after 

after 

chilling 

chilling 


I. Sclerotia chilled to optimum temperature range 
and warmed above prechilling temperature 



II. 


Sclerotia chilled to optimum temperature range 
and warmed to prechilling temperature 



III. ! Sclerotia chilled to optimum temperature range 
! and warmed to a lower temperature than 
that before chilling 




IV. 


Sclerotia chilled to optimum range but warmed 
to a maximum temperature above 30° C. 
e‘«ther before or after chilling 





V. ( Sclerotia chilled to optimum temperature range 
but warmed to a maximum temperature of 
30° (\ either before or after chilling 



VI. 


i 


Sclerotia chilled to optimum temperature rauge 
but warmed to a maximum temperature of 
25° C. either before or after chilling 



3 -Sclerotia chilled to optimum range (17°-20° C.) 

-Sclerotia not chilled to optimum range (checks). 


The examination of the dishes was made at room temperature and the 
notes taken as rapidly as was consistent with accuracy. The air-tempera¬ 
ture changes were obtained by placing the dishes in standard tempera¬ 
ture chambers regulated to the desired temperatures. (19°, 20°. 25°. 30°, 
35°, 30° C.) 

At intervals all dishes were placed in the 30° C. chamber to provide 
a most favorable growing condition. 
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Table 2 indicates the following: (1) Twenty degrees C. appears to be 
too cool for vigorous mycelial development. (2) Mycelial development is 
retarded by a rise in air temperature to 35° C. or above. Total mycelial 
growth from sclerotia at start of experiment, 1,229 units. Total growth 
after having been warmed to 35° and 39° C., 966 units, showing a decrease 
of 29 per cent. (3) Chilling appears to be very essential for the growth 
of sclerotia if the air temperature is warmer than 35° C. (4) Mycelial 
growth in all cases was very weak at the time of the first observation and 
could be destroyed very easily by fungicide or attrition. 

POT EXPERIMENTS 

Growth of Sclerotia on Earth and Grass . The object of this experiment 
was to obtain data as to the growth of the sclerotia of Rhizoctonia solani 
when placed in field conditions but subjected to temperature control. 

Cultures of Metropolitan creeping bent, in two-inch flower pots, were 
used for the experiments on turf, and loam in two-inch pots was used for 
the experiments on earth. Small flower pots were necessary because the 
temperature chambers were small. 

In each series of experiments approximately equal numbers of sclerotia 
were transferred from a culture in an Erlenmever flask to the grass or 
soil. The transfers were made with a sterilized needle and the sclerotia 
placed on the surface of the loam and on the grass about one-half inch 
above the earth. Pots were marked: 1, grass damp; 2, grass dry; 3. earth 
damp; 4, earth dry. Four pots, one of each number, formed a series, and 
all temperature changes w ere made with series and not w T ith individual pots. 

In each experiment all pots were kept three hours in an equalizing or 
starting temperature, just as in the case of petri-dish experiments. Those 
scheduled for chilling were taken directly from the first chamber to the 
cool chamber (18°—19° C.) and kept there from 30 to 45 minutes and then 
placed in warmer chambers as scheduled and held there from 14 to 15 
hours. 

Observations were made at each changing of chambers and at the end 
of the 14-hour period. Measurement of growth was made on a comparative 
basis. The pot showing the greatest development in each experiment was 
credited ipth 20 points, credit to the other pots being in proportion to 
their relative development. Growth of the sclerotia was recorded by actual 
count of colonies showing any mycelial growth. At the close of each ex¬ 
periment complete control of the disease was effected by the mechanical 
disturbance of the myceKa. 

Summary the Pot Experiment*. 1. The growth of the sclerotia was 
hastened and zneneased the ^plerotia were cooled to the optimum range 
(64°—68° F.) (1745°—20° C.) for 45 minutes. 
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2. Sixty per cent of all sclerotia that were chilled showed short mycelial 
growth at the end of the chilling period. 

3. No sclerotia kept at a constant temperature showed mycelial growth 
at a time corresponding to the end of the chilling period. 

4. Mycelial development was greatly increased in those instances where 
the sclerotia had been chilled. 

5. Chilling to the optimum temperature range appears necessary to the 
growth of the sclerotia under practical conditions, because normal air tem¬ 
peratures do not remain constant at 25° C. or 30° C. (77° or 86° P.) long 
enough to promote the growth of the sclerotia. 

TABLE 3 .—'Record showing growth of sclerotia and development of myceha under 

damp and dry conditions 


Pots 

Percentage of scle¬ 
rotia showing 
mycelial growth 

Comparative myce¬ 
lial development 

Grass damp 

68 

27 

Grass dry 

53 

18 

Earth damp 

83 

45 

Earth dry 

71 

41 

All grass 

60 

22 

AU earth 

4 4 

42 

All damp 

76 

35 

Ail dry 

63 

30 


The results shown in the above table are similar to those noted in field 
observations, namely: 

1. Moisture is favorable to the growth of the sclerotia and development 
of the mvcelia but is not of vital significance. 

2. Sclerotia grow better and the mycelial development is greater when 
the sclerotia are on the earth than when they are on the grass. 

The laboratory results, though not entirely consistent, indicate that 
there is a scientific value in the field observations that a rapid chilling of 
the air temperature is a very important factor in the appearance of Rhizoc¬ 
tonia solani on grasses and that further scientific investigation is warranted. 

PRACTICAL SIGNIFICANCE 

The practical siginficance of this investigation is that it indicates: 

1. Favorable air temperature is vital to the growth of the sclerotia of 
Rhizoctonia solani, 

2. There are two phenomena to be considered: The growth of short 
mycelia from the sclerotia and the development of the mycelia after such 
growth takes place. 
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3. That it is possible to forecast accurately the appearance of the fun¬ 
gus, and therefore limit control measures to such times, thus effecting a 
great saving in cost. 

4. It is practicable to check effectively the development of the mycelia 
by mechanical attrition, and, if attrition is applied soon after growth of the 
sclerotia takes place, control is as complete as when fungicides are used 
and with less injury to the turf 
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AN ABERRANT PHYSIOLOGIC FORM OF PUCCINIA 
TRITICINA ERIKS. 1 

C. 0. Johnston 2 

INTRODUCTION 

The recent demonstration by Newton and Johnson 3 of the occurrence 
of mutation in Puccinia graminis Pers. is of great interest and importance 
to the cereal-rust investigator. It gives material weight to an important 
theory on the origin of physiologic forms, although the mutant types 
observed by them did not differ from the parental types in their infective 
capabilities. The mere establishment of the fact of mutation under con¬ 
trolled conditions is of great importance even though the mutants appar¬ 
ently were not new* physiologic forms. It seems reasonable to suppose that 
if the rust fungus can mutate for such a heritable character as color, it 
also can mutate for the equally heritable character of physiologic specializa¬ 
tion. It seems, therefore, that in mutation we may find a possible origin 
of physiologic forms, as well as in the phenomenon of heterothallism, 
demonstrated by the classic experiments of Craigie. 4 ** € 

The mutations observed by Newton and Johnson 7 occurred in Puccima 
graminis tritici and involved the characters of color, viability of uredinio- 
spores, and spore dimensions. Similar mutations have not been described 
in the other cereal rusts. Since there is, however, a strikingly close analog}' 
between these fungi in morphological and physiological characters, we may 
expect to encounter them in the course of future experiments. In the 
writer s experiments with the leaf rust of wheat. Puccinia trtiicina , muta¬ 
tion has not been observed to occur under controlled conditions. An 
aberrant form has been studied, however, which may have arisen through 
mutation. It was particularly interesting in that it differed from other 
known forms, principally in length of incubation period and in spore color. 

1 Contribution No. 266 from the Department of Botany and Plant Pathology, Kan¬ 
sas State Agricultural College, Manhattan, Kansas, in cooperation with the Office of 
Cereal Crops and Diseases, U. 8. Dept, of Agriculture. 

2 Associate Pathologist, Office of Cereal Crops and Diseases, U. 8. Dept, of Agri¬ 
culture, 

3 Newton, Margaret, and Thorvaldur Johnson. Color mutations in Puccinia graminis 
trittci (Pars.) Erikas, and Henn. Phytopath. 17: 711-725. 1627. 

♦Craigie, J. H. Experiments on sex in rust fungi. Nature 120: 116-117. 1927, 

s Craigie, J. H. Discovery of the function of the pycnia of the rust fungi. Nature 
120: 765-767, 1927. 

• Craigie, J. H. On the occurrence of pycnia and aecia in certain rust fungi. 
Phytopath. 18: 1005-1015. 1928. 

2 Loc. cit. 
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COMPARATIVE GREENHOUSE STUDIES 

Greenhouse studies have been made at Manhattan, Kansas, for four 
years on physiologic specialisation in Puccinia tritidna. More than 200 
collections of leaf rust have been cultured during the progress of these 
studies. Many physiologic forms have been found that differed in their 
ability to infect certain varieties of wheat, but all save one were almost 
identical in color, length of incubation, and certain morphologic characters. 

In June, 1927, a collection of leaf rust was received from Mr. P. B. 
Dunkle, superintendent of Texas Substation No. 6, at Denton, Texas, which 
has proved to be markedly different from other known forms of Puccinia 
iritidna in several characteristics. The rust was collected by Mr. Dunkle 
because it occurred on Texas No. 3015-63, a pure-line selection of Mediter¬ 
ranean wheat known to be highly resistant to leaf rust. The writer had 
visited the Denton station on May 10 and at that time the upper leaves of 
Texas No. 3015-63 were practically rust-free, although they exhibited 
marked flecking. Nearly two weeks later, on May 23, Mr. Dunkle noted 
the presence of numerous small, light-color uredinia on that variety and 
sent specimens to Manhattan for examination. 

The rust, upon receipt at Manhattan, was given the culture number 1!MJ 
and transferred to seedlings of Kanred, C. I. 5146, then being used as a 
susceptible variety upon which collections of leaf rust were cultured and 
increased in quantity. One week later there were no signs of infection 
having taken place, but the inoculated seedlings were not discarded. At 
the end of ten days a few flecks had appeared, but no uredinia had devel¬ 
oped. This was an interesting situation in view of the fact that a number 
of other collections being cultured at the same time were showing flecks at 
the end of 4 to 6 days and developing uredinia in 8 to 10 days. In fact, 
most cultures of leaf rust of wheat then under investigation were fully 
developed at the end of 12 days. In the ease of culture No. 199, however, 
no uredinia appeared until the 15th day after inoculation, and full develop¬ 
ment was not reached until much later. 

Since several other cultures of leaf rust were being grown simultane¬ 
ously in the greenhouse with culture No, 199, it was deemed advisable to 
repeat the studies under very carefully controlled conditions. The original 
observations were made on a culture grown in a cloth cage. These cages 
were rafdeof a good grade of muslin sketched over a frame one foot square 
and a flbot tall* the top being covered by a pane of glass. Such cages have 
been'Used in greenhouse rust studies at Manhattan and have proved to be 
very e&eetive in presenting mixtures of cultures and forms. 

When culture No- 199 was transferred for further study, however, the 
transfers were juaiis from I Uredinia taken at random from the original 
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culture to wheat seedlings grown under aseptic conditions under lantern 
globes, the tops of which were sealed with a thin layer of cotton between 
squares of cheese cloth. The spores from each uredinium were transferred 
to seedlings in a separate pot so that 6 single-pustule cultures were thus 
established. Bulk transfers also were made at the same time to seedlings 
kept in the muslin cages. The variety Harvest Queen rather than Kanred 
was used as the host in these studies because it is susceptible to more 
physiologic forms of leaf rust than Kanred. For comparison, transfers 
of physiologic form 9 were made at the same time and in identically the 
same way as those of culture No. 199. All cultures were watched carefully 
during the incubation period and the dates for flecking and eruption of the 
uredinia, as well as other characters, were noted. The results of this 
experiment are given in table 1. It is clearly shown that not only is the 


TABLE 1 .—Comparison of the incubation and (Inrlopmrntal periods and she and color 
of uredtnia of culture Xo. 199 and physiologic form 9 of Pucntua triticma on 
Harvest Quctn wheat in the greenhouse. Inoculated April 15, 1928 


— 


Number of days from 1 




Culture or 

Bulk or 
single 
puHtule 

inoculation 

to 1 

— 

Size of 

Color of 

form No. 

Fleck¬ 

ing 

Sporu- 

lation 

Full 

develop¬ 

ment 

uredinia 

uredinia 

199 

hulk 

10 

14 

23 

K 1 

small 

light orange 

199-1 

s. p. 

11 

14 

23 

*1 

< i 

4 < 

199-2 

s. p. 

10 

13 

22 


< i 

i t 

199-3 

8. p. 

10 

15 

23 

* t 

11 

4 i 

199-4 

8. p. 

10 

15 

23 

• * 1 

11 

i 4 

199-5 

R. p. 

10 

13 

23 


11 

t t 

199-0 

! »• P- 1 

10 

14 

23 

i 

11 

( t 

p.f. 9 

1 bu!k ! 

1 

8 

13 

large 

orange red 

9-1 

«. P . 

5 

8 

is ; 


11 

4 i 

9-2 j 

! 

1 8. p. 

5 

8 

13 ! 

n 

11 

< t 

9—3 

8. p. 

5 

! » 

13 , 

11 

4 ‘ 

t t 

9-4 

s.p. 

5 

8 

13 , 

t * 

< t 

t l 

9-5 

8.p. 

4 

m 

i 

13 1 

< t 

11 

4 t 

9-6 

8. p. 

5 

8 

,3 j 

11 

11 

11 


incubation period longer for culture No. 199 than for physiologic form 9, 
but also that the time required for the culture to reach its full development 
is longer. Furthermore, it became evident that the spores of culture No. 
199 were much lighter in color than those of physiologic form 9 and the 
uredinia were smaller in size. The latter point might suggest to some 
investigators that these peculiarities were due to the resistance of the host 





29 


I'M. 1. Leaves of Harvest Queen wheat collected March 28, 1929, inoculated with 
" (A) culture 199, and (&) physiologic form 9 of Puccinia tritieina. 1. Inoculated 
March 2, 1929. boated March S, 1929. 3. Inoculated March 14, 1929. 4. In- 
oculated March 20, 29292 r 
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to that culture of leaf rust. It is true that in one form of resistance there 
is a reduction in the size of the uredinia. Small uredinia due to this type 
of resistance, however, are invariably accompanied by necrosis around the 
uredinia, and there is very little extension of the incubation period. Small 
or even minute uredinia on highly resistant varieties develop nearly as 
quickly as large normal uredinia on susceptible varieties. In the case of 
culture No. 199, however, there was no necrosis of the tissues surrounding 
the uredinia and the length of the incubation and developmental stages 
was strikingly longer than for physiologic form 9. 

The difference in the length of incubation period is clearly illustrated in 
figure 1, showing eight leaves of Harvest Queen wheat, the lower four inocu¬ 
lated with physiologic form 9, and the upper four with culture 199. Each 
vertical pair of leaves was inoculated on the same date progressively later 
from left to right. Pair No. 1 was inoculated on March 2, No. 2 on March 5. 
No. 3 on March 14. and No. 4 on March 20, 1929. All leaves xvere collected 
on March 28. In Pair No. 4 eight days after inoculation the leaf inoculated 
with physiologic form 9 showed uredinia just breaking through the epi¬ 
dermis, while no uredinia had developed on the leaf inoculated with culture 
199. Pair No. 3 showed physiologic form 9 well developed at the 
end of 14 days, while culture 199 was just rupturing the epidermis, only a 
few of the uredinia being completely uncovered. 

Studies on the comparative length of the incubation period of culture 
199 and physiologic form 9 were continued in the greenhouse during the 
fall and winter of 1928-1929. Nine different transfers of both cultures 

TABLE 2.—foniporwoB of the incubation periods of physiologic form 9 of Puccinia 
triticina and culture No . 199 on Harvest Queen wheat in 
the greenhouse , 1928-1929 


Date of Inoculation 

Oct. 

23 

Nov. 

12 

Feb. 

5 

Mar. 

o 

Mar. 

5 

Mar. 

9 

Mar. 

20 

Mar. 

26 

Mar. 

29 

Average 


Physiologic form 9 | Culture 199 


Number of days from inoculation to 
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were made to the variety Harvest Queen at different times during the season 
and the dates on which flecking and sporulation was first observed were 
recorded. These data are summarized in table 2. It is very evident that 
the average interval from inoculation to the beginning of sporulation was 
nearly twice as long for culture 199 as for physiologic form 9. 

A set of the varieties having differential reaction to leaf rust was inocu¬ 
lated with culture 199 on April 20, 1929. These are the varieties used in 
the identification of physiologic forms and their reaction could be expected 
to shed some light on the question of whether the long incubation period 
of culture 199 was due to resistance of the host variety. A similar set was 
simultaneously inoculated with physiologic form 9. Notes were secured on 
the length of the incubation and developmental periods in each case 
(Table 3). It will be noted that the incubation period of form 9 was only 


TABLE 3.— Comparison of the incubation and developmental periods of two cultures of P . 
triticina on varieties of wheat having differential reaction in the 
greenhouse. Inoculated April £0, 19:9 


Variety 

C. I. 
No. 

Culture 
or form 
No. 

Number of days from 
inoculation to 

Size of 
uredinia 

Color of 
uredinia 

Fleck- 

ing 

Sporu¬ 

lation 

Full 

devel¬ 

opment 

Malakof . 

4898 

199 

8 

12 

22 

small 

light orange 



p.f. 9 

5 

7 

12 

large 

orange red 

Mediterranean. 

3332 

199 

8 

13 

23 

small 

light orange 



p.f. 9 

5 

8 

13 

minute 

orange red 

Democrat .-. 

3384 

199 

8 

13 

23 

small 

light orange 



p.f. 9 

5 

8 

13 

minute 

orange red 

Hussar . 

4843 

199 

9 

13 

24 

small 

light orange 



p.f. 9 

5 


12 

4 4 

orange red 

Webster .-. 

3780 

199 

8 

■9 

22 

small 

light orange 



p.f. 9 

5 

HO 

11 

large 

orange red 

Norka . 

4377 

199 

8 

1H 

22 

small 

light orange 



p.f. 9 

5 

8 

11 

large 

orange red 


3756 

199 

9 

13 

23 

small 

light orange 



p.f. 9 

5 

8 

13 

» 4 

orange red 


3778 

199 

9 

13 

23 

4 4 

light orange 



p.f. 9 

5 

8 

13 

4 4 

orange red 


3779 

199 

8 

13 

23 

44 

light orange 



p.f. 9 

5 


11 

large 

orange red 


3747 

199 

8 


22 

small 

light orange 



p.f. 9 

5 


12 

large 

orange red 

Kan red ... 

5146 

199 

8 


23 

small 

light orange 



mm 

HR 

hh 

12 

large 

orange red 


slightly longer on the four resistant varieties, Mediterranean, C. I. 3332,, 
Democrat, C. 1.3481, C. I. 3756, and C. I. 3778, than on the other selections. 

. The incubation period and time required to reach full development on all 
varieties wArc much ^nger for Ottlture 199 than for physiologic form 9. 
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It is true that some of the varieties showed some necrosis and other signs 
of resistance to culture 199, but that did not seem materially to affect the 
length of the incubation period. This experiment was also repeated in 
the greenhouse in 1929 (Table 4). Here again it will be noted that the 
average interval from inoculation to sporulation for culture 199 was nearly 
twice that of the three other cultures. 

Another experiment, conducted in 1929, affords further evidence of a 
longer incubation period for this culture. On March 30 a group of 38 
varieties and selections were inoculated with a culture of physiologic form 3 
and a similar group with culture 199. The varieties comprised 31 selec¬ 
tions all highly resistant to physiologic form 9, 4 selections susceptible to 
that form and the Australian varieties, Clarendon, Warren, and Thew. 
Form 3 produced heavy infection on 30 of the selections, a type-2 infection 
on five selections, and none on three. Culture 199 seemed less virulent, but 
produced a type-3 infection on 20 selections, a type-2 on eight, a 0 or 
0-1-type on five, and an x-type on two. All plants of two other selections 
died and were discarded. It readily can be seen that, although culture 199 
was not quite so virulent as physiologic form 3, the average reaction of the 
group of varieties to the two cultures was about the same, there being 
approximately the same number of varieties susceptible and resistant to 
each culture of rust. The notes on the incubation periods showed wide 
difference in the time required for the production of visible evidence of 
flecking and sporulation (Table 5). 


TABLE 5 .—Comparison of the average incubation periods of culture 199 and physio 
logic form 3 on seedlings of 38 varieties of wheat in the greenhouse , 1929 


Total number 
of selections 

Physiologic form 3 

Culture 199 

Number of days from inoculation to 


Flecking 

Sporulation 

Flecking 

Sporulation 

38 

5 

8 

7.4 

13.0 


In this case flecking was noted for physiologic form 3, an average of 
nearly two>and a half days earlier than for culture 199, while the beginning 
of sporulation was 5 days earlier. 

It already has been stated that all other cultures of Puccinia triticina 
which have been tested in the greenhouse at Manhattan have been charac¬ 
terized by abopt equally leng incubation periods. More than 200 cultures 
haw been storied in derail during the period, 1926 to 1929, inclusive. 













1930] 


Johnston: Puccinia triticina 


617 


Many proved to belong to physiologic forms already described, while others 
seemed to be new or undescribed forms. Among all these cultures the only 
one with a strikingly long incubation period was culture 199. All others 
had developmental periods very similar to that of physiologic form 9. 
They also all had the same orange red color and large uredinia on suscep¬ 
tible varieties. Culture 199 was not compared with all cultures under 
study, but was compared with several cultures selected at random both in 
1928 and 1929. Inoculations were made with several cultures at the same 
time and notes taken on date of flecking and sporulation. Data from one 
such experiment have been presented in table 4. The results of similar 
experiments conducted in 1928 and 1929 are presented in table 6. It is 


TABLE 6.— Comparison of incubation period and color of uredinia of several cultures 
of Puccinia triticina on Harvest Queen wheat in the greenhouse 
1928 and 1929 



Physio- 

Number of days from inoculation to 

Color of 
uredinia 

Culture No. 

logic 

form 

Flecking 

Sporula¬ 

tion 

Full de¬ 
velopment 

1*38 

199 


10 

14 

20 

light orange 

119-3 

5 

5 

8 

12 

orange red 

306 

9 

5 

8 

12 

tt tt 

307 

9 

5 

8 

12 

(t tt 

198-1 


6 

8 

12 

it * t 

134-4-1 

r> 

6 

8 

12 

ft tt 

170-3 


5 

* 8 

12 

a tt 

193'i 






199 


7 

14 

19 

light orange 

stock 

9 

4 

7 

10 

orange red 

121-2-1-3 

3 

4 

7 

10 

a 11 

119-3-3 

5 

4 

7 

10 

tt a 

389-4 


4 

7 

10 

a tt 

137-2-A 


4 

7 

10 

a n 

362-4 


4 

7 

10 

11 ft 


apparent that culture 199 is distinctive from all others, both in length of 
the incubation period and in spore color as reflected in color of the uredinia. 

The differences noted above were sufficiently striking to raise the ques¬ 
tion whether also there might not be differences in spore dimensions. A 
number of mounts of spores of form 9 and culture 199 therefore were made 
and studied. In general characteristics the spores of culture 199 seemed 
very similar to those of form 9. Their walls were seemingly slightly thinner 
and therefore somewhat more irregular in shape than those of the spores of 
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form 9. The lighter color of the spores was not so evident under the micro¬ 
scope as in the spore masses of the uredinia. In spore dimensions there 
seemed to be a slight difference between the two cultures, although the 
number of measurements was not large enough to give positive results. 
Fifty spores each of culture 199 and form 9 were measured for length and 
width. Although spores of leaf rust are nearly globular they usually are 
slightly larger in one dimension than another, or have irregularities that 
affect the spore shape. The results of these measurements gave the follow¬ 
ing average dimensions in microns: 



Length 

Width 

Form 9 

26.87 ± .159 

25.02 ± .134 


Culture 199 

23.48 ± .140 

22.71 ± .125 


Differences 

3.39 ± .211 

2.31 ± .183 



These figures seem to indicate that the spores of culture 199 are defi¬ 
nitely smaller than those of physiologic form 9, and that the differences are 
statistically significant. In both length and width measurements the 
probable error of the differences is less than ten per cent of the difference. 
The number of measurements is too small, however, to give entirely reliable 
results. 

To determine whether culture 199 differs from known physiologic 
forms in its behavior on varieties of wheat having differential reactions, or 
is similar to some known form, several experiments were conducted in 1928 
and 1929. It was found extremely difficult, however, to obtain accurate 
rust readings on differential varieties because of the extremely long devel¬ 
opmental period. For all other cultures of rust under investigation read¬ 
ings could be made 12 to 14 days after inoculations. Readings could seldom 
be made on culture 199 until the 18th day and frequently not until 20 days 
after inoculation. Seedlings of differential varieties of wheat, inoculated 
when 10 days old, were 30 days old by that time. The prophylla of seed¬ 
lings of this age usually have turned yellow and frequently are extremely 
etiolated. As a result, the plants usually had passed the stage where satis¬ 
factory rust readings could be made before culture 199 was fully developed. 
Very little can be determined about necrosis and flecking due to rust on 
chlorotic ieayes. Many sets of differentials were in such poor condition 
when the rust had finally developed as to make accurate readings impossi¬ 
ble and they- were therefore discarded. In a few cases, however, rust read¬ 
ings were made; For reasons given, the results were somewhat variable. 

* ) 
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In fact, no completely satisfactory readings have yet been secured on this 
culture. The most satisfactory readings give reactions somewhat similar 
to those for physiologic form 10. The comparative infection-type readings 
for that form and for culture 199 are as follows: 




Infection type 

Differential variety 

C. I. No. 

Physiologic 
form 10 

Culture No. 199 

Malakof 

4898 

4 

3-4 

Norka 

4377 

4 

3-4 

Mediterranean 

3332 

1-2 

2-to 2 

Democrat 

3384 

1-2 

2-3 

Hussar 

4843 

1-2 

2-3 

Webster 

3780 

4 

3-4 

(Unnamed) 

3747 

3-4 

3 

t i 

, 

3756 

4 

o 

11 

3778 

4 

1-2 

tt 

3779 

4 

3 


The differential reaction of the two rusts on Democrat, Hussar, C. I. 
3756, and C. I. 3778 makes it seem certain that culture 199 is not physiologic 
form 10, and, as it resembles no other described form, it probably is a new 
form. 

It should be stated here that no straight type-4 infection has been noted 
for culture 199. As shown above, a variety occasionally exhibited a suscep¬ 
tibility classified as 3-4, but the copious production of large normal uredinia 
characteristic of type 4 was not seen. The uredinia always were smaller 
and less abundant for culture 199. The small size and light color of the 
uredinia probably had considerable effect on the infection types assigned a 
variety in making rust readings. Thus it appears that culture 199 is a 
different physiologic form, although it somewhat resembles physiologic form 
10. Aside from the differential reaction noted above, the long incubation 
period, light-color spores, and small uredinia of culture 199, also, would 
place it in a separate category. 

Conclusions 

When all characteristics of culture 199 are considered, the possibility of 
its origin through mutation is strongly suggested. There is, however, no 
direct evidence in proof of the point. Even circumstantial evidence is 
entirely too meager to justify such a conclusion. The mutations noted by 
Newton and Johnson 8 occurred under observation and therefore cannot be 

8 Loc. cit . 
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questioned. The origin of culture 199, on the other hand, is entirely un¬ 
known. 

It is certain, however, that culture 199 is an aberrant type of P. triticina . 
It differs distinctly from all other cultures yet studied in the greenhouse at 
Manhattan, Kansas, in length of incubation period, spore color, and size 
of uredinia on susceptible varieties. Those characters also were evident in 
the culture when collected in the field. It was noticed and collected be¬ 
cause it appeared very late in the season on a highly resistant variety and 
was characterized by a small number of minute, pale uredinia. Regardless 
of the origin the culture is interesting in the constancy with which the 
variations noted above were expressed in repeated transfers. The writer 
has frequently noted a sparse infection of leaf rust on highly resistant 
varieties in the field late in the season. Such infections usually were char¬ 
acterized by minute uredinia, frequently of very light color. These usually 
were regarded as late-developing infections due to the resistance of the 
host. Such actually may have been the case, but, on the other hand, they 
may have been due to the presence of an aberrant type of leaf rust similar 
to that of culture 199. 

Summary 

An aberrant form of leaf rust of wheat, Puccinia triticina , was found 
on a highly resistant strain of Mediterranean wheat, Texas 3015-63. at 
Denton, Texas, in the spring of 1927. This culture is discussed as culture 
199. 

Greenhouse experiments have shown that this form differs from all other 
cultures studied at Manhattan, Kansas, in length of incubation period, 
color of spores, size of uredinia, and spore dimensions. 

The period from inoculation to flecking averages about three days 
longer, and that from inoculation to sporulation about seven days longer, 
than for other known forms. The time required to reach full development 
also is much longer for culture 199. 

The spores are a lighter orange in color than those of other forms and 
the uredinia are smaller. $pore measurements indicated that spores of 
culture 199 were slightly smaller than those of form 9. 

It was proved that the peculiar behavior of culture 199 was not due to 
the resistance of the host variety. 

On differential varieties the culture gate reactions indicating that it 
was an unjlescribed physiologic form. The aberrant nature of the culture 
however,' makes its identity doubtful. 

T Ue aberrant type jaay have arisen through mutation, but only meager 
evidence is available on that point. 



THE RELATION OF TYPE OF TOPPING TO STORAGE LOSSES 

IN SUGAR BEETS 1 

C. M. Tompkins and S. B. Nichols* 

INTRODUCTION 

In an examination of stored beets at Lewiston, Utah, on December 20, 
1927, after they had passed through the washer in the factory mill, it was 
noted that storage rots were doing considerable damage. Fully 50 per cent 
of the beets in the hopper showed more or less decay, the amount varying 
from small involvements of crown to total decay of the root. The com¬ 
monest type of rotting in this stored material was what is called in this 
paper *‘crown rot” to distinguish it. from the other decays of beets that 
arise from wounds or bruises or that may arise from the drying of the 
small side roots or the tapering tip of the main root. This distinction is 
made, although probably the same decay-producing organisms are involved 
in the rotting, because of the clear-cut relation of the crown-rot type to 
the invasion of the crown surface of the beet exposed by topping. In the 
observations made at Lewiston, Utah, and which were later repeated at 
Logan, Utah, beets with the greater portion of the crown removed by top¬ 
ping showed the most rotting. Those beets on which a large portion of 
the crown remained were almost free from decay, while beets topped at the 
line of the lowest leaf scar (the approved commercial method of topping) 
showed approximately 50 per cent in various stages of decay. Those beets 
topped one-fourth inch or more below the base of the lowest leaf scar were 
in nearly all instances severely attacked by decay organisms. 

These observations led the writers to begin investigations upon the 
nature of crown rot of stored beets, its seriousness, and the connection of 
the rot to the type of topping practiced. The investigations undertaken 
have involved some isolation work along with inoculations to indicate the 
organisms concerned with decay of sugar beets in storage piles, and a thor¬ 
ough examination of the beets in the storage pile to determine what rela¬ 
tions existed between crown rot and the type of topping which had been 
given the individual beets. 

i The writers are indebted to Dr. B. L. Richards, Utah Agricultural Experiment 
Station, and Dr. G. H. Coons, Office of Sugar Plants, U. S. Department of Agriculture, 
for kindly suggestions and critical reading of the manuscript. Appreciation is also ex¬ 
pressed to The Amalgamated Sugar Company, Ogden, Utah, in whose laboratories all 
chemical analyses were made. 

a Assistant Pathologist and Associate Agronomist, respectively, Office of Sugar 
Plants, U. S. Department of Agriculture. 
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THE ORGANISMS CAUSING CROWN ROT 

From among 10,945 beets examined at Logan, Utah, 400 sugar 
beets showing definite symptoms of the crown rot described were selected 
for isolation purposes. Two small fragments from margins of lesions were 
cut from each beet under aseptic conditions and planted on potato-dextrose 
agar to which had been added several drops of 10 per cent lactic acid to 
prevent bacterial contamination. Strong fungous growth was obtained 
from nearly all within 36 hours. Transfers were made to tubes of potato- 
dextrose agar by picking off liyphal tips at the edge of the colonies by means 
of a sterile platinum needle. The cultures in the tubes were incubated for 
one week to insure sporulation, after which cultures were made from single 
spores by plating. From the 800 tissue plantings, 381 cultures of Phoma 
betae and 339 isolations of two species of Fusarium (Fusarium culmorum 
and Fusarium sp., similar to F . oxysporum ), were obtained, the remaining 
80 tissue plantings failing to give fungous growth. 

This large number of tissue plantings was made in order to determine 
the relative frequency of Phoma betae and the two species of Fusarium in 
diseased tissue. This was suggested as a result of isolations made from a 
limited amount of material collected at Lewiston, Utah, as the beets were 
dropping into the hoppers in the factory immediately following washing. 
Isolations from the Lewiston beets yielded P. betae mainly, but two differ¬ 
ent species of Fusarium were also frequently obtained. The results of iso¬ 
lations made from rotted sugar beets collected at Lewiston and Logan, Utah, 
indicate that P. betae is extremely important as a septic factor in sugar 
beets, since it was associated in more than one-half of the cases of crown rot 
from which isolations were made. Two species of Fusarium are also con¬ 
cerned in this type of decay. These have been classified as follows by Dr. 
C. D. Sherbakoff. 8 

“Isolations 258 and 263: Fusarium culmorum; the strain with com¬ 
monly shorter, 3-septate conidia as in F. discolor var. triseptatum 
Sherb. The last named fungus appears to be identical with this 
strain of F. culmorum (Fig. 1, 1 and 2.) 

“Isolations 262 and 264: Fusarium sp.; in microconidia, is similar to 
F. oxysporum ; macroconidia few and poorly developed or none 
(hence the difficulty of identification); on agars with glucose, color 
•often purplish slate; chlamydospores and other characters of section 
Elegans.*’ (Fig. 1, 3 and 4.) 

8 Tht writers wish to express their appreciation to Dr. C. D. Sherbakoff, Plant 
Patho^jgist, Tennessee Agricultural Experiment Station, for study given the various 
isolsttiA of Fusarium sent him and for his suggestions as to the names provisionally to 
be assigmfcito these organisms. 
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Fig 1 1 Macrospores from Fusartum culmorum , Isolation 258, 2 Macrospores 

from F, culmorum, Isolation 263, 3 Microspores from Fusanum sp from Isolation 262, 
4 Microspores from Fusartum sp, Isolation 264 (xlOOO). Photomicrographs through 
courtesy of Dr. C. D Sherbakoff. 
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For inoculation purposes a large number of healthy sugar beets were 
treated ten minutes in a solution of 1 to 1000 mercuric chloride solution and 
then washed successively in tap, distilled, and sterile water. With a large, 
stainless steel knife, previously treated by dipping in 95 per cent alcohol 
and flaming, a thin slice of tissue was cut from each beet parallel to the 
original topped area, thus exposing fresh tissue free from cork cells. Week- 
old cultures of Phoma betae (represented by four isolations) and of the two 
species of Fusarium (represented by two isolations of each species) on 
prune agar were used for the inoculations. The inoculum, consisting of a 
block of agar approximately 2 cm. square by 0.5 cm. deep, plus growth, was 
placed on the freshly exposed cut surface, with the fungus in direct contact 
with the beet tissue. A piece of sterile cotton moistened with sterile water 
was then placed over the inoculum and held in position by means of a strip 
of adhesive tape. The beets, after inoculation, were placed in glassine bags 
and stored in a cellar where the air temperature was approximately 4° to 
6° C. Results of inoculations are given in table 1. Reisolations were made 
in each case from beets in which decay had been induced artificially and the 
fungus again obtained in pure culture. 

From this table it is clear that rotting of stored sugar beets can be in¬ 
augurated in a high percentage of cases by P. betae and the two Fusarium 
species tested, if these fungi are introduced in considerable mass upon 
freshly wounded crown tissue. It can not be said that the variation in per¬ 
centages of disease production is indicative of the aggressiveness of the par¬ 
ticular pathogenes, since variations in the reaction of the host, in storage 
conditions, and other factors may have influenced the results. We may, 
however, from these inoculations, definitely assign to certain pathogenes a 
causal connection with the decay of sugar beets occurring in storage piles. 
Probably other fungi are occasionally concerned in this decay, and many 
species of fungi and bacteria invade the attacked tissues as secondary 
invaders. 

THE RELATION OF CROWN ROT TO TIIE TYPE OF TOPPING 

Sugar beets which had been commercially topped, stored at Logan, Utah, 
in dirt pits, and covered with a thin layer of moist sand were available for 
rather complete study. These beets were removed from the pits after being 
in storage 84 days. The conditions for storage were presumably as good 
as, if not better than, would be found in commercial storage. It is not 
assumed that the same amount of rot would be found in all commercial 
storage piles, since the period was greater than the ordinary period of stor¬ 
age. It is probable, however, that the disease conditions prevalent were 
approximately the same as with similar beets in commercial storage piles 
where storage rots were serious. 
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In examining these beets considerable variation was found in the amount 
of crown taken off in the topping process. The reason for this is apparent 
when the methods used in the field are considered. In handling the beets 
for topping with a hooked beet knife, the laborer lifts the beet from the 
ground to his left hand by use of the hook. One quick stroke usually severs 
the crown from the root at approximately a right angle to the longitudinal 
axis of the beet. The instructions are to make this cut at the base of the 
lowest leaf scar, but unavoidable variations enter. The laborer usually does 
not attempt to correct imperfections in topping, with the result that beets 
are delivered to the factory with the majority approximately correctly 
topped, while the others are topped above or below the lowest leaf scar. 

In order to make a careful study of stored beets and the relation of 
topping to the amount of fungous decay, five arbitrary divisions of the types 
of topping were made. The beets in the storage pit used for this investiga¬ 
tion were examined and placed in the class which most nearly represented 
its individual type of topping. In cases where the cut was slanting instead 
of at a right angle to the longitudinal axis, the beets were assigned to the 
class represented by the lowest angle of the cut. 

For convenience, these classes are designated: 

Class a —To include all beets topped one-half inch or more above the lowest 
leaf scar, leaving a large amount of crown attached to the root. 
Class b —To include all beets topped approximately one-fourth inch above 
the lowest leaf scar, leaving a smaller amount of crown attached 
to the root. 

Class c —To include all beets topped on a line at the base of the lowest leaf 
scar. This would remove all of the leaf scars from the beet, 
leaving all of the root tissues intact with no crown adhering. 
Class d —To include all beets topped one-fourth inch below the lowest leaf 
scar. This would remove approximately one-fourth inch of the 
root with the crown. 

Class e —To include all beets topped one-half inch below the lowest leaf 
scar. This would remove one-half inch or jgore of the root with 
the crown. (Fig. 2, A.) 

Class c represents the standard commercial topping. Commercial com¬ 
panies do not object to beets topped as represented by Classes c, d, and e, 
although they recognize as wasteful the topping described in Classes d and 
e. The companies do objuNt to topping as represented by Classes a and b , 
and, through tare sample determinations, they arrive at the extra crown 
weight pf such beet#l|ttfi deduct the same from the gross weight of beets 
delivered. 

In this study all beets were classified as diseased or healthy according 
to the presence or absence of rotted areas on the cut surface. Beets show¬ 
ing a healthy Condition of‘this cut surface, but having decayed areas in 



Fig 2 A, Chart adopted for classification of sugar beets according to type of 
topping Line c marks the point of the lowest leaf scar which is the point of eommer 
cial topping B, Health} and C, diseased crowns of sugar beets topped at a Storage 
period 84 days 
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other portions of the root arising from other injuries, were classed as 
healthy because their decay bore no relation to injury induced by removal 
of the crown. 

The beets were removed from this pit and were classified according to 
the five types of topping detailed above. The presence or absence of de¬ 
cayed areas on the cut surface of the root was then noted. Beets free from 
decay in the crown portion of the root were classed as healthy. Beets with 
one or more decayed areas on the cut surface were classed as diseased. 
There was considerable variation in the amount of decay on individual 
beets, some having very small decayed areas and others showing badly 
rotted areas. 

The Class c type of topping is the approved commercial method of top¬ 
ping. and the greatest number of beets examined were found to be topped 
at the line c (Fig. 2, A). More than 50 per cent of the beets were properly 
topped and there seemed more tendency to leave a part of the crown on the 
beet than to top the beet too low. The results of this classification of the 
beets and the relative amount of crown rot in the various classes are shown 
in table 2. The definite and consistent trend in percentages of rotted and 
sound beets in the various established claases indicates that the type of top¬ 
ping has a direct effect upon the incidence of infection by parasitic fungi 
in stored beets. The beets in Class r, conforming to the approved commer¬ 
cial type of topping, were found to be 37 per cent healthy and 63 per cent 
diseased at the end of the 84-day storage period. Lower topping increased 
the amount of decay so that approximately four-fifths of the beets of Claases 
d and e showed various degrees of crown rot. Approximately two-thirds of 
the beets topped at the line b were healthy, while in those topped at the line 
a there was approximately only one diseased beet in seven. These strongly 
contrasting figures indicate close relation of type of topping to the numbers 
of individuals showing crown rot in storage, and that there is a marked 
increase in rotting as the plane of topping is lowered. 


TABLE 2. —Relation of type of topping to the keeping qualities of stored sugar beets: 
Commercial beets from Logan , Utah , stored in covered pits for 84 days 


Type 

of 

topping' 

Total 

Number of beets 

Percentage 

t .No beets 

Percentage 

Healthy 

Diseased 

Hen It by 

Diseased 

a 

1 

6.67 


98 

86.58 

13.42 

ft 

-2933 

26.80 


934 

68.16 

31.84 

c 

mi 

51.31 


3531 

37.13 

62.8? 


i m 

9.92 


888 

18.23 

81.77 

i 

t 4 

m 

5.30 


462 

20.34 

79.66 

Totals 

** — « 1 1 -iwj 
10945 '' 

loolo 

5032 

5913 

43.98 

54.02 
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There also appeared to be marked variation in the degree of involvement 
by crown rot in the various classes of beets. Table 3 gives the results of 
determinations made upon 90 beets representative of the rotted beets of the 
five classes. The actual amounts of sound and diseased tissue were deter¬ 
mined for these samples and the percentage of involvement computed. 
These percentages are believed to be fair indexes of the conditions of the 
rotted beets in the various classes (Pigs. 2 and 3). On this basis, as can be 
seen from the table, the rotted beets of Class c had approximately 14 per 
cent of their tissue affected at the end of the storage period. The tissue 
involvement increased with lower topping, rotted beets from Classes d and 
e showing, respectively, 4 and 8 per cent more of their tissue decayed than 
was found in Class c beets. On the other hand. Classes a and b beets 


630 


Phytopathology 


[Vol. 20 


showed, respectively, 8 and 6 per cent less tissue involvement than Class c 
beets. 

The percentages of involvement in the rotted beets, shown in table 3, 
when considered in connection with the actual numbers of sound and rotted 
beets of the respective classes, as shown in table 2, reveal a very significant 
situation as to total weight of beet tissue in the various classes affected by 
rot, 

TABLE 3 .—Relation of type of topping to the extent of diseased tissue tn stored sugar 
beets . Storage period 84 days . The beets used tn this test showed distinctly 
that the origin of infection was from the crown scar 


Type 

of 

topping 

Number 
of beets 
examined 

Gross 
weight 
of beets 
(grams) 

Weight of 
healthy 
tissue 
(grams) 

Weight of 
diseased 
tissue 
(grams) 

Percent¬ 
age of 
total tissue 
diseased 

a 

8 

6124 

5835 

289 

4.72 

b 

16 

13695 

12553 

1142 

8.35 

c 

21 

18976 

16189 

2787 

14.69 

d 

18 

14116 

11816 

2300 

16.29 

e 

27 

17669 

13626 

4043 

22.88 

Totals 

90 

70580 

60019 

10561 

Average 

14.96 


Class c beets came out of storage with approximately 63 per cent of the 
beets affected with crown rot. Approximately 13 per cent of the total 
weight was decayed. In this case, there w r ould be a loss of nearly 10 per 
cent of the total weight of c beets due to crow n rot in storage. The shrink¬ 
age due to rot is still greater for Class d and Class e beets, being approxi¬ 
mately 14 and 17 per cent of the respective total w eights, which shows that 
topping at the line d or e has grave disadvantages in addition to the regu¬ 
lar topping loss which comes in the field. Class b beets had approximately 
32 per cent of the individuals diseased and an average of 8.3 per cent of 
the tissue damaged. This is equivalent to shrinkage from rot of 2.66 per 
cent of the total weight of all beets of this class. In Class a 13.4 per cent 
of the individuals w r ere diseased, and these showed 4.7 per cent of the tissue 
decayed. This indicates that Class a beets sustained a loss of only 0.63 per 
cent of tfieir fcotal weight from crown rot during the 84-day storage period. 

Prom common knowledge of the nutritional requirements of the fungi 
and bacteria which cause decay of beets, it is safe to assume that in the proc¬ 
esses 9 f decay the sugar of the involved tissue would be destroyed by the 
attacking organisms. The accuracy of this assumption is borne out by the 
analyses given injfeblo ^in whi^h composite samples of many beets, but with 
varying percentage df irotted tissue, were used. 
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The samples were made up of beets showing approximately the same 
ratio of diseased and healthy tissue as was found in the general run of beets 
in the different classes from the storage pit. It is noticeable that Class a 
beets, which, because of their high tops, probably had the lowest amount of 
total sugar, came through the storage period with the highest sugar content 
and highest purity. It will be noted from the table that the sugar percent¬ 
age of the beets dropped in close proportion to the percentage of rot and 
that the purities were strongly affected. The results showm in this table 
give some indication of how important losses of this type may become. 

TABLE 4 .—Post storage analysts of differently topped sugar beets. Storage 

period 84 days 


Type of 
topping 

Healthy 
tissue in 
sample 

Diseased 
tissue in 
sample 

Sugar 

in 

beets 

Purity 

of 

juice 


Per cent 

Per cent 

Per cent 

Per cent 

a 

99.35 

0.65 

18.09 

84.3 

b i 

97.33 

2.67 1 

17.96 

82.7 

c j 

90.77 

9.23 

17.13 

80.6 

(1 | 

86.92 

13.08 

15.37 

73.8 

1 

81.77 

18.23 

14.51 

70.1 


It is obvious from the data presented that from the standpoint of crown- 
rot prevention, the practice of leaving a higher crown in topping must be 
considered. Offsetting the savings which come from prevention of loss of 
extractible sugar by decay, there must be taken into account the general 
effects on sugar and purity which arise from the well-known lower sugar 
and high mineral content of the sugar-beet crown. Factory operators ob¬ 
ject to any practice which tends to lower sugar content or purity of juice 
in the sliced product because these items tend to increase manufacturing 
difficulties and cost of production. 

In the beets studied in these experiments there were no indications of 
sprouting of the stored beets. The present paper offers no data on the 
effect of greater crown portions on the sprouting of beets stored under con¬ 
ditions favorable to the growth of sprouts on the beets. In case sprouting 
were brought about by storage conditions, there would presumably be the 
greatest growth of sprouts on those beets having the greatest amount of 
crown, and this also would offset to some degree the savings indicated by 
the crown-rot prevention. In average seasons, however, air temperatures 
during the storage period are generally low’ enough to preclude the growth 
of sprouts. 
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Since work on this problem did not commence until the end of the fac¬ 
tory campaigns in the Western States, no harvest data are available on the 
percentage of sugar, purity, and ash analyses of beets corresponding to the 
classes set up in this paper. As a substitute for freshly harvested beets, 
some analyses were made of beets kept in cold storage 84 days. These beets 
had been held at a temperature which precluded infection and were in a 
crisp condition and free from all signs of decay. When harvested the en¬ 
tire crow’n was left on the beet root. Although beets undergo some chemi¬ 
cal changes in storage, it is believed that the relations in the various por¬ 
tions in these beets approximate those of freshly harvested beets. These 
whole beets were sectioned so as to obtain material representing the portion 
of the beet which would be removed by successive topping at the five arbi¬ 
trary points a, 6, e, d % and e. The portion removed by topping at the line 
a contained relatively the lowest sugar content and the highest ash con¬ 
tent. The portions removed by lower topping had a successive increase in 
sugar content and a successive decrease in ash content (Table 3). These 
data correspond closely w ith data published by other authors who worked 
with fresh beets. 

TABLE 3.— Post-storage analyses of srctions of the crown and root of healthy sugar 
beet8. Analyses of 88 beets lept in cold storage 84 days. Percentage 
of ash based upon weight of dry substance 


Section of beet 

Sugar 

Soluble ash 

Insoluble ash 

Total ash 

Above a 

Per cent 

8.4 

Per cent 
5.60 

Per cent 

10.31 

Percent 

16.11 

Between a and b 

11.6 

4.17 

5.92 

10.09 

Between b and c 

14.9 

2.67 

2.74 

3.41 

Between c and d 

15.1 

3.03 

1.58 

4.61 

Between d and e 

16.0 

2.64 

1.50 

4.14 

Below e 

t~ 

r-i 

2.53 

1.45 

4.00 


By use of the data obtained from analyses of various sections of the 
beet and by determination of the weight of the various sections, a calcula¬ 
tion was made to obtain information Regarding the weight, sugar content, 
and ash content of the remaining root that would be marketed by the dif^ 
fer$nt types of topping. This indicates that topping above the line c w’ould 
increase* the marketable weight of sugar beets and that such beets would 
have a slightly higher ash content and a slightly lower sugar content than 
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beets topped at the line c (Table 6), blit the depreciation of sugar-beet 
quality which would arise from a change in practice to permit higher top¬ 
ping if either line a or line b were taken as a standard seems to be far less 
than the loss possible in storage piles where crown rot is serious. 


TABLE 6.— Comparison of weight, sugar , and ash content of differently topped sugar 
beets . Stored 84 days . Percentages computed in terms of beets 
topped in standard manner (Class c ) 


Portion of beets 
(38 beet sample) 

Total 

weight 

(ounces) 

W eight 

Sugar 

1 

Soluble 

ash 

Insoluble 

ash 

Total 

ash 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Whole beets 

1019 

126.1 

15.54 

2.87 

2.44 

5.31 

Root below line a 

951 

117.7 

16.05 

2.71 

1.89 

4.60 

b 

888 

109.9 

16.36 

2.60 

1.58 

4.18 

c 

808 

100.0 

16.51 

2.59 

1.47 

4.06 

d 

742 

91.8 

16.63 

2.56 

1.46 

4.02 

c 

i 

670 j 

82.9 

16.70 

2.35 

1.45 

4.00 

i 


The present standards as to removal of crowns from beets have been 
based upon consideration of the condition of the beets at harvest time. The 
above tables indicate that under conditions where crown rot is prevalent 
during the storage period there is a benefit to be derived from leaving a 
part of the crown on the root. Since higher topping inhibits the develop¬ 
ment of crown rot to a marked degree in stored beets, sugar companies 
should consider carefully the savings possible by the practice of topping 
beets intended for storage higher than the present standard. The change 
in method of topping should not be made by any factory without a thorough 
study of local conditions as to seriousness of crown rot and as to effect of 
a change of practice on the quality of the beets. If crown rot is as serious 
as the writers 7 observations indicate, factories may find it to their advan¬ 
tage to secure beets that have been so topped as to leave part of the crown 
on the root. 

DISCUSSION 

At present, sugar beets are topped commercially at the base of the low¬ 
est leaf scar, in preparation for sugar extraction at the factory, regardless 
of whether they are to be used immediately or stored from 25 to 40 days 
or longer. Results of preliminary observations made at Lewiston, Utah, 
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and experimental work conducted in the field and laboratory at Logan, 
Utah, appear strongly to support the statement that, where sugar beets in¬ 
tended for storage purposes are topped at the base of the lowest leaf scar 
or lower, more beets show crown rot and the rot involves more tissue than 
when the beets are topped one-quarter to one-half inch above this region. 
In Cache Valley, Utah, more than 100,000 tons of beets were stored for an 
average period of 40 days. Experimental data obtained at Logan indicate 
that there may be from 10 to 15 per cent shrinkage of the beet substance 
suitable for sugar extraction from this one source, alone, where storage con¬ 
ditions are such that rot progresses strongly. It is believed that up to a 
certain degree, losses of the same character may occur fairly generally in 
commercial beet storage piles in the Western States. Since no survey has 
been made to establish loss figures other than in Cache Valley where 10 per 
cent of the crowns showed some degree of rot, one can only surmise what 
the actual loss may be in a season favoring storage rotting. Experimental 
consideration of this method of topping beets intended for storage by beet- 
sugar manufacturing companies may lead to changes in the present meth¬ 
ods of topping of beets for storage and a partial saving of the present losses 
of sugar from stored beets. 

Based on data collected in this study, approximately 7 per cent of the 
total number of beets milled are topped at a, or one-half inch above the base 
of the lowest leaf scar, and 27 per cent are topped at b, or one-quarter inch 
above the c region. Factory operations have not been impeded by the use 
of 34 per cent of the total number of beets milled which are topped at a 
and b. If all beets intended for storage were topped at a or even at b the 
amount of decayed tissue in the crowns which develops during storage 
would be decreased, while, on the other hand, there would be a greater ton¬ 
nage for milling than where beets are topped at the line c or lower. From 
the data obtained, it is believed that, for stored beets where rotting is seri¬ 
ous, the prevention of loss from rot which would come from leaving a higher 
crown on the beet would far more than offset the depreciation in quality. 

Several theories have been considered as an explanation for the varia¬ 
tion in the amount of decay in the crowns of stored beets. Morphologi¬ 
cally, considerable difference is found in beet tissues in the five regions 
adopted for classification. In regions a and b, the fibrovascular bundles or 
rings ate closer together and the amount of storage parenchyma is reduced. 
In the regions c, d, and e, parenchymatous tissues predominate, while the 
vascular rings are widely separated. Chemical analyses indicate a slight* 
difference in percentage of sugar, purity, and ash content for the several 
regions. * The organ&ans concerned in sugar-beet-crown decay are appar¬ 
ently bettef able to penetrate into spongy tissues where there is a high per¬ 
centage of sugar (as in the case of beets topped at c, d, and e) than they 
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are in regions such as a and b where the spongy parenchyma is reduced, 
the sugar content is lower and the ash content is higher. 

Undoubtedly studies on the rate of formation and the relative thickness 
of the corky layer formed on the cut surfaces of beets topped at different 
planes will prove to be important as means contributing to the final solu¬ 
tion of the problem. Studies on these phases of the problem are now in 
progress. 

SUMMARY 

Isolation and inoculation studies indicate that Phoma betae is the most 
important pathogene concerned in the destruction of crown tissues of sugar 
beets under storage conditions, although two species of Fusarium are patho¬ 
genic to the sugar beet and may be of economic importance. All are wound 
parasites, but P. betae destroys crown tissues with greatest rapidity. 

This paper constitutes a preliminary report on the correlation of storage 
losses in sugar beets with types of topping. 

More than 10,000 beets w*ere examined and classified as healthy or dis¬ 
eased. All beets were further classified according to the five divisions 
adopted for the description of the types of topping of commercial sugar 
beets. 

Approximately 51 per cent of the total number of beets examined were 
topped at the base of the lowest leaf scar (c), or the commercial standard, 
37 per cent of which were healthy and 63 per cent diseased. A marked 
decrease in numbers of diseased beets resulted when beets were topped one- 
fourth inch ( b ) and one-half inch (a) above this line, while a very decided 
increase in numbers of diseased beets occurred when the crowns were 
severed one-fourth inch (<I) and one-half inch (e) below this line. 

Where sugar beets were topped at the base of the lowest leaf sear ( c ) 
and lower (d and e), the amount of tissue which was decayed varied from 
14 to 25 per cent; above this region (a and fc) the amount of tissue which 
was decayed varied from 4 to 8 per cent. 

Increased avoidance of attack by fungi was shown by stored beets topped 
higher on the crown than the topping practice recommended by commercial 
companies. 

It is believed that sugar-beet companies could avoid a considerable part 
of the heavy loss from crown rot of stored beets by revision of the commer¬ 
cial standards for topping of the beets intended for storage. 

Office of Sugar Plants, 

Bureau of Plant Industry, 

United States Department of Agriculture, 

IN COOPERATION WITH 

Utah Agricultural Experiment Station, 

Logan, Utah. 




INFECTION PHENOMENA AND HOST REACTIONS CAUSED BY 
TILLETIA TR1TICI IN SUSCEPTIBLE AND NONSUSCEPTIBLE 
VARIETIES OF WHEAT 1 

H. M . WOOLMAN* 

INTRODUCTION 3 

The investigation of the wheat-bunt problem of the Pacific Northwest, 
carried on by the Office of Cereal Crops and Diseases, in cooperation with 
the State experiment stations of Oregon and Washington, has shown con¬ 
clusively that it can be solved most satisfactorily by the production of bunt- 
immune or highly resistant varieties. To eradicate bunt by this means, it 
is evident that varieties must be produced in which are combined the quali¬ 
ties of immunity from the bunt organisms, Tilletia tritici (Bjerk.) Wint. 
and T. laevis Kuhn, and such other desirable characters as improved yield, 
strength of straw, and good milling and baking qualities. In other words, 
they must be at least as profitable when grown as are the susceptible varie¬ 
ties now in cultivation. In undertaking such a difficult problem, it seemed 
desirable first to have the fullest possible knowledge regarding all factors 
thought to influence resistance. 

Observations made during several years’ testing of varieties for bunt 
resistance have shown that the plants of many partially resistant varieties 
are able to suppress to a certain degree further invasion of their tissues by 
the fungus after infection takes place. This was indicated by the presence 
of both bunted and normal heads in stools of single plants at harvest time. 
The degree of smuttedness in these partially bunted plants varied from one 
grain of wheat in an otherwise totally bunted plant to the opposite extreme 
of one bunted grain in an otherwise bunt-free plant. 

The purpose of these investigations, begun in 1919, was to determine, 
as far as possible, the nature of the factors underlying resistance. Are 
there varieties partially or totally resistant to the initial entrance of the 
bunt organism! In other words, is resistance due wholly or in part to the 

1 Cooperative investigations conducted by the Oregon Agricultural Experiment Sta¬ 
tion and the Office of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture. 

a Formerly Field Assistant in Plant Pathology, Office of Cereal Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture. 

* The writer desires to express his obligations to Professor H. P. Barss, of the 
Oregon Agricultural College, for assistance in interpreting results of cytological slides; 
and to Dr. W. H. Tisdale, formerly of the Office of Cereal Crops and Diseases, and Dr. 
H. B. Humphrey, of the Office of Cereal Crops and Diseases, for assistance in preparing 
this manuscript 
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structural nature of the epidermis ? Or is it due wholly to the chemical 
nature of the cell contents? If the latter, at what stage in the development 
of the host plant do the inhibitive factors come into action ? 

WORK OF PREVIOUS INVESTIGATORS 

So far as the writer has been able to ascertain, there is extant no litera¬ 
ture dealing with the difference in reaction of the host to the bunt organism 
between susceptible and nonsusceptible varieties. As regards the mode 
of infection by Tilletia tritici or T. laevis, the development of the fungus 
within the host, and its physiological relations thereto, previous work is 
confined to Kuhn, William Lang, Dastur, and Bolley. Brefeld and Wolf 
did not use Tilletia in their smut-infection studies. 

The work of Kuhn 4 is too well known to need comment, and to this day 
his conclusions remain unchallenged except, probably, in some particulars, 
by Lang. Kiihn found the fungus hyphae to be partially intracellular 
and that they readily passed through the cell walls. Lang, 5 however, found 
them to be entirely intercellular. The writer frequently finds them to be 
intracellular in the coleoptile and the sheaths of the first and second true 
leaves and, therefore, in agreement with the observations of Kuhn. He 
also finds that it is always intercellular in the nodes, internodes, and spike 
and in the blades of very young leaves, thus confirming Lang’s observations. 

The hyphae are often very difficult to find, owing to the fact stated by 
both Kiihn and Lang that the protoplasm moves forward with the growth of 
the hypha, leaving a thin-wall, empty tube behind, which stains with dif¬ 
ficulty and apparently is finally dissolved or digested by the plant juices 
and disappears entirely. 

Bolley 6 made an extensive investigation of the relation of host to para¬ 
site in the mature plant but was led to erroneous conclusions, which fact 
he was the first to discover. Dastur 7 studied the entrance of the fungus 
to the epidermal cells and states that it gains entrance generally between 
the cells which it forces apart but that occasionally it passes directly 
through the epidermis into the lumina of the cells. He states that he ob¬ 
tained his infections by applying a culture of T. tritici spores to plants one 
day old, incubating them at 50° C. Judging from his figures, this abnormal 

4 Kiihn, J. Die Krankheiten der Kulturgewiichse, ihre Ursachen und Hire Verhiit- 
nng. 4 And. 2, pp. 22, 312. 1859. Berlin. 

8 Lang, Wilhelm. Ueber die BeeindSssung der Wirtpflanse durch Tilletia tritici. 
Zeitsckr. f. Pflanzenkrankh. 27 : 80-99. 1917. 

* Bolley, & L* New studies upon the smut of wheat, oats, and barley with a resamd 
of treatment experiment* for the last three years. N. Dak. Agr. Exp. Sta. BuL 27: 
109-18*.' 1897. 

* Daftnr, Jahangir Fardunjt Cytology of Tilletia tritici (Bjerk.) Wint. Ann. 
Bot. 35: 399-407. 
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temperature has produced infection that is morphologically very different 
from that obtained by the writer, whose cultures were maintained at 15° C., 
the optimum for the normal growth of the bunt organism. 

A preliminary summary 8 of the results obtained by the writer has al¬ 
ready been published. 



Fig. 1. A. A tangential surface section of the coleoptile from an 8-day plant of 
Hybrid 143 (susceptible), showing irregular grouping of points of attack, as at a 
(x 200). Photograph by Dr. Erwin F. Smith. B. A tangential, near-surface section 
of the coleoptile from a Martin (nonsusceptible) plant about 7 days old, showing intense 
gram-positive area around point of entrance (x580). Photograph by Dr. Erwin F. 
Smith. 

8 Woolman, H. M. Cytological studies on the infection of wheat seedlings by 
TxlleUa trxtioi (Bjerk.) Wint. (Abst.). Phytopath. 13: 36-37. 1923. 
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Phases of Infection . For convenience, the development of the fungus 
within the host can be divided into three phases. 

First: The entrance into and development within the epidermal layer 
of cells, during which time it is gram-negative in its staining reactions 
and both intercellular and intracellular in habit. (Figs. 1*5.) 

Second: Its development in the deeper parts of the coleoptile and in the 
sheaths of the true leaves, especially the first and second leaves, where it is 
gram-positive and both intercellular and intracellular. (Fig. 6.) 

Third: Its development in the very young leaf blades, the nodes, in¬ 
ternodes, and the growing point, where it is gram-positive and strictly in¬ 
tercellular. (Fig. 7.) 

INVESTIGATIONS 

The work in 1919 to 1920, inclusive, was performed under great dif¬ 
ficulties, due in part to inadequate equipment and in part to the writer's 
own shortcomings. The thermostat, supposed to control the hot-air oven 
in which the embedding was done, frequently failed to control the tem¬ 
perature, and, as it was impossible to keep a day and night watch, several 
lots of plants were lost from overheating. Others were so overhardened 
that parts were lost in the process of cutting, fixing, and staining. As 
a consequence of the foregoing facts and the faulty technique, the work 
from 1919 to 1920, inclusive, deals only with the second and third phases 
of infection. The first or entrance phase was not observed. 

Method of obtaining infected plants . A mass of steam-sterilized soil 
was air-dried and mixed with 2 per cent of its weight of crushed bunt balls. 
This mixture was then divided into four equal parts, each part in succession 
being well moistened at two-day intervals. When the last part was moist¬ 
ened, all were thoroughly mixed together and the seed planted at a uniform 
depth of 5.5 cm. At this time, the spores in the portion first moistened 
had germinated and were producing conidia profusely. Thus the presence 
of an active and virulent inoculum was insured for several days after 
planting. 

During the entire time from preparation of the infested soil until the 
last plants were removed for killing, the operations were conducted in a 
greenhouse maintained at approximately 15° C. 

Killing and staining technique. The plants were killed in a mixture 
of equal pArts of absolute alcohol andglacial acetic acid. They were then 
run through absolute alcohol to xylol And embedded in 60° paraffin. 

The fungal hyyhae are generally gram-positive in their staining reactions 
when within the hoat Therefore, gentian-violet, followed by Oram’s iodine 
solution, t$as used aw* differential stain. Orange G or eosin was employed 
as a counter stain,- $3owe^er, at its initial entrance into the epidermal 
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Fig. 2. A radial section from a Martin (nonsusceptible) plant about 7 days old, show¬ 
ing early stage of infection at a and wide interspace between coleoptile and b 
sheath of first true leaf (x525). Photograph by Dr. Erwin F. Smith. 

cells the invading fungus seems to be gram-negative, as well as inert to 
both orange G and eosin. But at this stage the cell wall, the middle lamella, 
and the cytoplasm in the immediate vicinity of the point of entrance are 
decidedly gram-positive. Owing to this difference in standing reaction, 
the points of entrance were not recognized in the examinations made from 
1919 to 1921, the hyphae being completely obscured by the dense violet color 
in the surrounding tissue. The notes on infection during the first two 
years’ work, therefore, refer only to the second and third phases of de¬ 
velopment, in which the mycelium takes the violet stain and the surrounding 
tissue or cytoplasm reacts to the counter stain only. Therefore, it can not 
be assumed that when plants are recorded as noninfected no entrance of 
the fungus has taken place. 
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Hybrid 143, an extremely susceptible club wheat, Turkey Wn. 326, and 
Florence, moderately resistant, and two selections from Turkey Wn. 326 x 
Florence, produced by E. F. Gaines, of Washington State College, were 
studied for differences in resistance to bunt. The two selections from the 
Turkey and Florence cross showed results in many field tests indicating 
that they were much more resistant than either parent. 

To eliminate to the utmost the errors due to small numbers, the t\*o 
Turkey Wn. 326 x Florence selections have been combined in table 1 and 
treated as one variety, the two being very closely related and about equally 
resistant to bunt. 

The sowings were made on November 10, 1919, and the plants emerged 
on November 20. Killings were made 6, 9, 16, 32, and 60 days after emer- 



F W. 3. A. A near-tangential seetion through the epidermal cells of a Hussar 
(highly resistant) plant about 7 days old, showing entrance of hyphae between walls 
of contiguous epidenphl calls of the coleoptile and thenee passing into the lumen. 
(Oamera-lne^ia drawing, x 600.) B. A theoretical cross seetion of figure A on line a-g, 
showing point of*entry of infecting faypha. 
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TABLE 1.— Results of cytological studies showing percentages of plants found to be 
infected at definite periods of time after emergence, Corvallis, Oreg. 


Age of plant 


Vaiiety 

6 days 

9 days 

16 days 

32 days 

60 days 

+* 

-b 

-l- 

- 

+ 1 - 

+ 1- 

+ 1 - 

Hybrid 143 

15 

10 

8 

8 

5 5 

8 0 

16 9 

Turkey Wn. 326 ! 

3 

21 

4 

8 

Lost 

Lost 

Lost 

Florence I 

0 

25 

4 

20 

Lost 

12 0 

0 10 

Turkey Wn. 326 





: 



x Florenc e selec 








tions 

8 

! 17 

4 

16 

15 9 

7 16 

2 9 


• + indicates infection found. 
b - indicates infection not found. 


TABLE 2— 'Results obtained from plants groun to maturity in the greenhouse fron 
the same sowings recorded in table 1 


Variety 


Number of plants 

Bunt free 

Partially 

bunted 

Totally bunted 

Hybrid 143 

2 

0 

8 

Turkey Wn. 326 

9 

1 

1 

Florence 

8 

i 

1 

0 

Turkey Wn. 326 x Florence 

1 

1 

! 


selections 

33 | 

0 

0 


TABLE 3.— Results obtained from plants transplanted to field from sowtngs recorded 

in table 1 


’ 


Number of plants 


Variety 

! 

Bunt free 

Partially 

bunted 

Totally bunted 

Hybrid 143 

0 

0 

24 

Turkey Wn. 326 x Florence 
selections 

52 

8 

3 
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gence. Unfortunately, several of these lots were lost and others more or 
less damaged during the process of embedding, so that the record of ex¬ 
amination is incomplete. Therefore, any attempt to draw definite conclu¬ 
sions from the percentage figure alone would be unsafe. Also, a wide 
margin should be allowed for experimental error in examination; that is, 
a failure to find a few bits of small faintly stained mycelium in the great 
mass of tissue searched. 



, # Fig. 4. A. A *4M* section of a Hussar (highly resistant) plant about 7 days old, 
showing thickening of epidermal wall at entrance and external hypha a 

(x 810). F^rtegcaphjby Dr. Erwin F. Smith. B. A radial section from a Hussar plant 
about 7 Jtiiyii sharing tfa& sheaths enclosing the infecting hypha in the epidermal 
cell. An external hypha a is also shown, (x 810.) Photograph by Dr. Erwin F. Smith. 
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OBSERVATIONS ON NATURE OF INFECTION 

The appearance of the infection in susceptible and nonsusceptible plants 
killed when 6 days old was in every way similar in both location and devel¬ 
opment. In all cases the fungus was confined to the coleoptile. The 
fungus also was confined to the coleoptile in seedlings of resistant varieties 
killed at 9 days of age, except in rare cases. In the case of Hybrid 143 it 
frequently had entered the first true leaf. When 16 days old the difference 
between the two classes is very apparent, both with reference to amount 
and location of the mycelium. In the Turkey Wn. 326 x Florence selections 
it had advanced in no case further than the contact between the sheaths 
of the first and second leaves and was not common; while in Hybrid 143 it 
was in many cases profuse and had penetrated into the second leaf sheath 
and into the subsurface internode. When 32 days old, the differences were 
still more pronounced, and, wlten 60 days old, the Turkey Wn. 326 x Flor¬ 
ence selections, when infection was found at all, as a general rule, showed 
only small, slightly infected areas, which were seldom deeper than the third 
leaf. Plants from this sowing grown to maturity showed about the same 
percentage of infection as was found in the 60-day-old plants. In Hybrid 
143, at the age of 60 days, the mycelium was found to be extensively and 
profusely distributed through the tissues of all the leaves and in the axis of 
the plant, and in some eases it had reached the growing point. 

Apparently in the resistant variety, the suppressive action begins about 
the time the mycelium passes into the first true leaves or soon after the 
plant is 9 days old; and. except in rare instances, it ceases to be a menace to 
the plant by the time it is 60 days old. 

Hybrid 143, Hussar (C. I. 4843), and Martin (C. I. 4463) were em¬ 
ployed in the studies begun in 1921. The first variety is highly susceptible 
and the other two are apparently immune, as they had previously failed to 
produce even a trace of bunt in repeated field tests. Sowings were made in 
infested soil, as previously described, at a depth of 5.5 cm. The seedlings 
were killed for examination at the time of emergence and 7,12, and 20 9 days 
thereafter. The method of staining was the same as that outlined in the 
foregoing pages except that the intensity of the gentian-violet-gram stain 
was reduced and the sections cut to a thickness of not more than 10 microns 
and generally as thin as 6 microns. 

The examination of 60 plants of Martin, 40 of Hussar, and 20 of Hybrid 
143 showed that the fungus entered the epidermis of the seedlings of both 
susceptible and resistant varieties apparently with equal facility. In all 
plants killed when 7 days old numerous points of entrance were found. As 
a general rule, no fewer than 100 points of attack per plant would be found. 

• Ages only approximate, as plants vary at least 24 hours in emergence. 
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C_ 

Fig 5. Near radial sections from Hussar plants about 7 days old, showing hyphae with 
enclosing S h e aths in epidermal cells of coleoptile (Camera lucida 
drawings: A, x 1,000; B, x 730, C, x 800 ) 





1930] 


Woolman : Wheat-bunt Problem 


647 


In plants killed at the time of emergence but few points or groups of points 
of attack, usually 2 or 3 per plant, could be seen. But no plant was found 
to be entirely free. Evidently infection begins at about the time of emer¬ 
gence. This, however, may not be true for all environmental conditions of 
soil moisture, temperature, etc. In 25 per cent of the plants of Hybrid 143, 
killed when 7 days old, the second phase of infection was found. In Hussar 
and Martin, the second phase was found in only 5 per cent of all plants 
examined up to 20 days of age. In fact, so far as these examinations have 
progressed, it seems that in these two resistant varieties, the infection rarely 
develops beyond the first phase. No difference could be detected between 
plants 7 and 20 days old. It seems, therefore, that an inhibiting factor 
comes into action as soon as the hypha enters the lumen of an epidermal 
cell of the coleoptile. There is some reason to believe that even the most 
susceptible varieties possess, in some degree, such an inhibiting factor. This 
is suggested by the fact that in 70 plants of Hybrid 143 examined from 1919 
to 1923 between the ages of 7 and 20 days never more than four distinct 
areas of second-phase infection have been found in the same plant and 
rarely more than two. These areas were in most cases sufficiently distinct 
to indicate that they had developed from separate entrances. The absence 
of the second phase of infection in other parts of the plant seems to indicate 
that at many points of entrance the fungus had failed to develop this phase. 
It, therefore, seems that some inhibiting factor or factors have prevented 
the development of the second phase. What these inhibiting factors are is 
as yet an unsolved problem. 


TABLE 4.— Result 8 of cytological studies of wheat plants grown in hunt-inoculated soil and 
v killed at definite ages , 1921 to 1928 , Corvallis , Oreg. 


Variety 

Age of plants when killed 

At emergence 

7 days 

12 days 

20 days 

Wn. Hybrid 
143 

Five plants exam¬ 
ined ; 1st phase 
infection found 
in all; 2nd and 
3rd found in none 

Eight plants exam¬ 
ined ; 1st phase 
found in all; 2nd 
phase in 2; 3rd 
phase in none 

Seven plants exam¬ 
ined; all phases 
found in all 
plants 

None examined 

Martin, 

C. I. 4463 

Fifteen plants ex¬ 
amined; 1st phase 
found in all; 2nd 
and 3rd phases 
found in none 

Fifteen plants ex¬ 
amined; 1st phase 
found in all; 2nd 
and 3rd phases 
found in none 

Fifteen plants ex¬ 
amined ; 1st phase 
found in all; 2nd 
phase in 2; 3rd 
phase in none 

Fifteen plants ex¬ 
amined ; 1st phase 
found in all; 2nd 
phase in 1; 3rd 
phase in none 

Hussar, 

C. I. 4843 

Ten plants exam¬ 
ined ; 1st phase 
found in all; 
2nd and 3rd 
phases found in 
none 

Ten plants exam¬ 
ined ; 1st phase 
found in all; 

2nd and 3rd 

phases found in 
none 

Ten plants exam¬ 
ined ; 1st phase 
found in all; 2nd 
phase found in 
1; third phase 
found in none 

Ten plants exam¬ 
ined ; 1st phase 
found in all; 2nd 
phase found in 1; 
3rd phase found 
in none 
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Location of Entrance. 10 About 75 per cent of the points of attack are 
found within 2.5 cm. above the seed from which the plant grew, notwith¬ 
standing the fact that the soil was evenly infested from the seed to the 
surface. 

Entrance Phenomena . As has been stated by Dastur, the infecting 
hypha generally enters between the vertical walls of the epidermal 



Fio. 6. % A tangential section through eoleoptUe of a Hybrid 143 (susceptible) plant 15 
day8 old, showing profuse second-phase infection (x520). 

Photograph by W. C. Mathews. 

Previous experiments have shown that wheat plants can be grown through 1J 
inches of sterile soil hjto an infested soil and yet produce bunted heads. That is, effec¬ 
tive infection can oecfefcfrore than li inches above the seed. It also was found that 
plants can bi grown in Mfrilized s<?il until the second true leaf appears and then become 
infected by transferring, to infected soil. 
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cells, but occasionally it passes directly through the epidermis into the 
lumen of the cell. This can be demonstrated in cross sections (Pig. 4, A). 

It is the opinion of the author that, after penetrating between the cells, 
the hypha usually enters the lumen of one of the adjacent cells (Fig. 3). 
This point, however, is sometimes hard to demonstrate in longitudinal sec¬ 
tions, and sufficient examinations in cross sections have not been made to 
justify definite conclusions. 

The first indication of an attack along the cell wall, when viewed in a 
longitudinal radial section, is a thickening of the epidermis for a distance 
of 20 or more microns which is highly gram-positive. When seen in tan¬ 
gential section, it appears as a circular spot which sometimes exhibits zona- 
tion. This thickening is apparently due to gelatinization of the portion of 
the epidermis lying between the cuticle and the plasma membrane (Pigs. 
1, 2, 3, and 4, A). A little later & conical protuberance is seen on the 
inside of the epidermis just beneath the point of attack by the hypha. In 
some cases this conical portion appears to be an indentation of the epidermal 
wall, as if the wall had yielded to mechanical pressure. However, this 
probably is not the case, as in later stages the hypha is seen to pass through 
the wall without any displacing effect. On the other hand, the entry of the 
hypha between cell walls, as seen in a tangential section, does produce a 
lateral displacement (Pig. 3). With the growth of the hypha this conical 
protuberance becomes, first, more or less globular (Pigs. 2 and 4, A) and, 
finally, an elongated cylindrical sheath of from 8 to 12 microns in diameter 
enclosing the hypha, which has a diameter of 1 micron or less (Fig. 4, B). 
This sheath is probably what Wolf 11 observed in his studies of infection by 
Vrocystis occulta (Wal.) Rab. and called a cellulose sheath. No photo¬ 
micrograph has yet been obtained which shows the actual hypha within the 
sheath. It can, however, be seen plainly under the microscope (Figs. 3 
and 5). 

No adequate investigation of the physical or chemical nature of this 
sheath has been made, but, because of its intensely gram-positive reaction, 
it apparently is not cellulose. Usually, though not always, the space 
enclosed by it seems to take a deeper violet than the surrounding space, but 
this appearance probably is deceptive and the apparent color due to the 
fact that the interior is seen either through the sheath or against it as a 
background in the very thin microtome sections. Invariably there is a 
gram-positive condition at the point of entrance and its immediate vicinity. 

There is apparently a decided tendency for points of penetration to 
appear in groups. Sometimes they are scattered irregularly over an area of 
1 to 3 sq. mm., as seen in figure 1, A, but more often they are found at close 

n Wolf, R. Der Brand des Getreides sein Ursachen und Yerhiitung. Halle, 1874. 
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Fig. 7# Cemera-lucida drawings showing third-phase mycelium in a Hybrid 143 
(susceptible) plant OQ days old. A. Intercellular hyphae at a in the blade of one of the 
youngest Spares. Not* ’normal appearance of the host nuclei, (x 1,000.) B. Section 
through the embryonic head of tb* same plant (xlOO). a Indicates fragments of 
mycelium of wfcfch 25 ij(k re counted in this section. 






1930] 


Woolman: Wheat-bunt Problem 


651 


intervals along the vertical cell walls, where the entering hyphae appar¬ 
ently spring from an external hypha lying along a cell-wall depression of 
the coleoptile (Pig. 5). An external hypha is seen in figure 4, B, and in 
cross sections in figure 4, A, but in this case it is between depressions. 

The transition from the first to the second phase of infection is as yet 
obscure. The second phase in which the hypha becomes gram-positive is 
very rarely found in the epidermal cells, but frequently is found in the 
second cell layer near the points of entrance. The actual change has not 
yet been observed. 

It seems a reasonable assumption that the change from first to second 
phase, that is to say, from gram-negative to gram-positive, is coincident 
with its establishing parasitic relations with the host. 

Many questions regarding the process of infection and related phe¬ 
nomena remain for investigation, such, for example, as the chemical changes 
within the host and the influence of such environmental conditions as tem¬ 
perature and moisture in proximity to the seedling, pH concentration of 
the soil, and the presence or absence of toxic inhibitive substances or 
organisms resident within the soil. On these questions various hypotheses 
suggest themselves, but the object of this paper is to state observed facts 
rather than to indulge in speculation. The investigation should be con¬ 
tinued. Its continuation by the writer was prevented by his retirement on 
account of age. It is now published in the hope that it may be a help to 
some younger investigator. The writer will gladly answer, in so far as 
possible, any inquiries from an}' one pursuing similar research. 

SUMMARY 

The process of infection of wheat seedlings by Tilletia tritici can be 
divided into three phases. 

First: The entrance of the hypha into and its development within the 
epidermal cell, in which phase it is gram-negative and both intercellular and 
intracellular. 

Second: Its development in the deeper parts of the coleoptile and in the 
sheath tissues of the earliest true leaves. In this phase, it is gram-positive 
and both intercellular and intracellular. 

Third: Its development in the very young leaf blades and in the nodes, 
internodes, and the growing points of the plant, where it is gram-positive 
and strictly intercellular. 

The fungus enters seedlings of both resistant and susceptible varieties 
of wheat with equal facility, but, in the most resistant varieties studied, 
apparently it does not develop beyond the first phase above mentioned, 
except in rare instances. 
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In varieties a little less resistant, the fungus develops the second phase 
of infection about as readily as it does in the susceptible varieties until the 
seedling is about 9 days old, after which it is retarded, and, in a high per¬ 
centage of cases, ceases to be a menace to its host by the time it is 60 days 
old. In all varieties thus far examined, the entrance of the hyphae pro¬ 
duces a gram-positive condition in the cell walls and cytoplasm in the 
immediate vicinity of the points of penetration. 

Two Harbors, 

Minnesota. 



BACTERIAL SPOT OF RADISH AND TURNIP 1 
Harold E. W hite* 

INTRODUCTION 

A previously undescribed bacterial-spot disease of radish and turnip has 
been found in Indiana (10). It is caused by a yellow monoflagellate bac¬ 
terium which, in inoculation tests, has proved pathogenic not only to radish, 
turnip, and a number of other cruciferous plants, including cabbage, kale, 
cauliflower, and Brussels sprouts, but also to tomato, tobacco, and pepper. 
Its host range and cultural similarity to Bacterium campestre, Bad. 
campestre var. armoraceae , and Bad. vesicatorium raised the question of its 
relationship to these organisms. The radish and turnip organism is tenta¬ 
tively designated herein as Burt, vesicatorium var. rapkani . A description 
of the symptoms produced on the various hosts, a greenhouse inoculation 
study of its pathogenicity, a comparative cultural study of the causal or¬ 
ganism. and proof of its transmission with radish seed are reported in this 
paper. 

The bacterial-spot disease of turnips was found by M. V. Gardner at 
Matthews, Indiana, in June, 1928. In July the writer found a similar dis¬ 
ease on radishes growing in a greenhouse at Purdue University. The rad¬ 
ishes were so heavily infected that the leaves were being rapidly killed by 
petiole lesions. In August, 1925, Gardner (2) found a disease near In¬ 
dianapolis, Indiana, causing small black lesions on radish leaves, stems, and 
seed pods. Although an Alternaria was associated with these lesions, the 
symptoms of this disease agreed closely with those of the bacterial spot of 
radish, and very likely it was the same disease. A search of the literature 
has not revealed any previous description of a bacterial-spot disease of 
radish or turnip caused by a yellow organism. 

CAUSAL ORGANISM ISOLATED FROM RADISH AND TURNIP 

Isolations were made by macerating a portion of a lesion in sterile water 
on a flamed slide and plating out from this water in potato-dextrose agar by 
the loop-dilution method. Isolations were made from spots on leaves of 
turnip collected at Matthews, Indiana, and from radish at La Fayette, 

i Contribution from the Botany Department, Purdue University Agricultural Experi¬ 
ment Station, La Payette, Indiana. A thesis presented to the faculty of the Graduate 
School of Purdue University in partial fulfillment of the requirements for the degree 
of Master of Science. 

• The writer wishes to acknowledge his indebtedness to Prof. M. W. Gardner for 
suggestions and guidance in the development of this investigation and to Prof. E. J. 
Kohl and Mr. B. W. Samson for a ss is t a n ce. 
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Indiana. Prom these two sources and from all types of lesions the same 
type of yellow, rapidly growing bacterial colony was obtained. The patho¬ 
genicity of these two strains was proved by inoculation and reisolation and 
the purity of the cultures was proved by poured plates. No marked differ¬ 
ences were noted between the two strains. Morphological, physiological, 
and cross-inoculation studies proved that the two strains were identical and 
either strain may be subsequently referred to as the radish organism. 
Greenhouse inoculations, to be described later, showed that mustard, cab¬ 
bage, kale, Brussels sprouts, cauliflower, tobacco, pepper, and tomato plants 
were also infected by this organism. 

SYMPTOMS ON RADISH, TURNIP, AND OTHER CRUCIFERS 

In greenhouse-inoculation tests, the spots on radish leaves are irregu¬ 
larly circular, and are 2 to 3 mm. broad, sometimes larger. Very young 



Flo. 1. Circular bacterial-spot lesions on radish leaves and elongated, sunken, stem and 
petiole lesions on radish seedling as a result of atomiser 
inoculation in the greenhouse. 


spots appear as small circular black dots, later becoming light brown (Pig. 
1). The larger lesions are light tan, sunken, slightly glazed, and sur¬ 
rounded by a narrow, yellowish, water-soaked zone, visible only upon dose 
observation. The 1 spots op the leaves frequently coalesce and become 
irregotarin fprm jpgt are not limited by the veins. Where the lesions are 
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numerous along the veins and midrib of the growing leaf, considerable dis¬ 
tortion of the leaf blade occurs. 

Petiole and stem lesions on radish are black, sunken, elongated, and 5 to 
10 mm. long (Fig. 1). As the lesion increases in size it penetrates rather 
deeply and the petiole often breaks off at the point of infection. Petiole 
infection on young plants is the most destructive effect of this disease and 
with heavy infection an entire plant may be destroyed within 10 to 14 days 
after symptoms appear. Cotyledon lesions occur abundantly upon inocu¬ 
lated radish seedlings and plants from infested seeds. The cotyledon 
lesions are definitely circular in shape, 3 to 4 mm. in diameter, sunken, dark 
brown and water-soaked (Fig. 2, C). 



Fig. 2. A. Pepper leaf showing black lesions caused by Bart. vesical or turn from tomato. 
B. Pepper leaf showing circular whitish lesions caused by radish organism. C. 
Radish cotyledon showing circular lesions resulting from atomizer inoculation. 


The lesions on turnip leaves and petioles are of the same general nature 
as those on radish. Cotyledon infection also occurs on turnip. The lesions 
on mustard leaves are at first small, black, circular spots, later 2 to 3 mm. 
in diameter, circular, greasy brown, and finally light tan. Petiole lesions 
are of the same nature as those on radish and are equally destructive on 
young plants. 

The lesions on the leaves of cabbage, cauliflower, Brussels sprouts, and 
kale first appear as depressed circular black specks with w T ater-soaked mar¬ 
gins. As they increase in size the lesions remain circular and become more 
noticeably sunken, w'ith a pAle yellowish halo a millimeter or more in width. 
The lesions range from 2 to 4 mm. in diameter and, with age, change from 
a tan color in the center, surrounded by a purplish margin, to a chalky 
white. This chalky whiteness and the circular shape are the most striking 
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features of the lesions occurring on these hosts (Pig. 3). The petiole 
lesions on young plants of these hosts resemble those occurring on radish 
and turnip, and cotyledon infection is common. The petiole lesions do not 
occur so abundantly, however, and the disease is not so destructive on these 
hosts as on radish, turnip, or mustard plants 



Fig 3. Lesions caused by atomizer inoculation with radish organism on lea\es of 
cabbage and tomato seedlings. 

SYMPTOMS OS TOBACCO, PEPPER, AND TOMATO 

In greenhouse-inoculation tests the leaf lesions on tobacco plants are at 
first small, black, sunken spots, later chalky white with a slighth Mater- 
soaked border, and seldom more than 2 mm. m diameter when mature. 
Petiole infection was not observed. 

Lesions on leaves of pepper plants are at first small, black, circular, 
sunken, water-soaked areas, becoming 3 to 4 mm. in diameter, dark brovyn, 
and later fading from brown to a chalky white (Fig. 2 B). 

Xhe lesions on tomato leaves first appear as circular black spots, later 
becoming 3 to 4 mm. in diameter, with light tan centers surrounded by 
a daijk brown zone and, arotind ibis, a water-soaked margin (Fig. 3). 
Petiole and stem lesions on tomato are elliptical or irregular in shape, 
sunken, at first .tight brown, later black, and* 4 to 8 mm. long. In the 
seedling,stage the lesions often cut off the leaf or stem at the point of in¬ 
fection. Frgit logons obtained by needle-prick inoculation are circular 
dark brown or &A& sunken areas about 5 to 10 mm. in diameter. The fruit 
is invaded and blackened to a considerable depth under the lesion. 
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PATHOGENICITY OP CAUSAL OBGAXI8M 

By means of inoculation tests, information was obtained concerning 
incubation period, mode of entry into host tissues, relationship to Bad. 
campestre and Bad. veiicatorium , host range, and varietal susceptibility. 
Cultures from two sources were used in inoculation work, one obtained from 
turnip at Matthews, Ind., and the other from radish at La Fayette, Ind. 
Results were confirmed by reisolation of the organism. 

Incubation period and mode of entry. Leaf and petiole infection was 
readily obtained in the greenhouse by spraying very young radish and 
turnip plants w’ith an atomizer containing a water suspension of the 
bacteria. The plants, after inoculation, were held in a moist chamber for 
24 to 36 hours. In summer, lesions were visible within 4 to 5 days, but in 
winter, under greenhouse conditions, the inoculation period was as much as 
10 to 15 days. The abundance of lesions obtained by atomizer inoculation 
indicated that wounds were not necessary for infection and that the mode 
of entry into the host tissues was through the stomata. Marginal leaf 
lesions occurred, probably as a result of liydathode infection, but were 
localized, and isolations made from tissue taken about one millimeter distant, 
along the veins, from the inner edge of such marginal lesions yielded no 
colonies and showed that vascular invasion had not occurred. The control 
plants, sprayed with water, remained free from infection. 

Host range. In August, cabbage, cauliflower, kale, Brussels sprouts, 
and mustard were inoculated with the two strains of the radish organism by 
spraying with an atomizer. Five days from the date of inoculation lesions 
appeared on al 1 the inoculated plants. Lesions occurred along the leaf 
margins, but there W’as no vascular invasion such as is characteristic of 
Bad. campestre. The noninoculated control plants of each host remained 
free from infection. Infection was obtained also on tomato, pepper, and 
tobacco plants in the greenhouse. Unsuccessful attempts w T ere made to in¬ 
fect garden beans, soybeans, horse-radish, nasturtium, garden cress, shep¬ 
herd’s purse, and garden huckleberry ( Physalis sp.). 

Comparison with Bad. campestre and Bad. vesicatorium. Since the 
host range of the radish organism included hosts of two yellow organisms, 
Bad. campestre , the cause of black rot of crucifers, and Bad. vesicatorium, 
the cause of bacterial spot of tomato and pepper, it was necessary to com¬ 
pare the three organisms by inoculation as w r ell as cultural tests. A culture 
of Bad , campestre was obtained from the University of Wisconsin and a 
culture of Bad. vesicatorium was isolated from tomato fruit. These two 
organisms and the radish organism were tested in a parallel series of inocu¬ 
lations on radish, turnip, mustard, cabbage, cauliflower, kale, Brussels 
sprouts, tomato, pepper, and tobacco. Infection took place on all the hosts 
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with the two strains of the radish organism. Vascular infection on cabbage 
was obtained with Bad. campesfre, but no infection occurred on any of 
the other host plants. Bacterium vesicatorinm infected pepper and tomato 
but none of the other plants. Under the conditions of these tests, the radish 
organism was pathogenic to a wider range of hosts than either of the other 
organisms. 

Parallel inoculations were made on green tomato fruits with Bart, vesi- 
catorium and the radish organism. Green tomatoes, gathered in the green¬ 
house, were washed with mercuric chloride solution, 1 to 1000, then with 
sterile water, and placed in sterile moist chambers. Punctures were made 
in the tomato fruits with a flamed needle dipped in a water suspension of 
the bacteria] culture. The moist chambers with the inoculated fruits wpre 
kept at a temperature of 21° C. Seven to ten days after inoculation the 
fruits inoculated with the radish organism allowed circular, sunken, black 
lesions around the punctures, 4 to 5 mm. in diameter, with an outer water- 
soaked zone often surrounded by a yellow halo. The inoculations with Bart, 
vesicatorium caused lesions closely resembling those formed by the radish 
organism. 

Varietal susceptibility. A total of 42 seedsman varieties of radishes 
have been tested and all proved susceptible to infection. Likewise 9 
varieties of turnips. 7 varieties of kale. 5 varieties of Brussels sprouts. 6 
varieties of mustard, 6 varieties of cabbage, and 3 varieties of cauliflower 
were infected. No resistant varieties of any of these hosts were found. 

MORPHOLOGY AND CL'LTt'RAL CHARACTERS OF THE CAI'SAL ORGANISM 

The organism is rod-shape and is motile by means of one polar flagellum. 
When stained with Van Enuengem’s flagella stain, the cells appeared to 
have a thin capsule and varied in width from 0.65 to 1.2 p and in length 
from 2.0 to 3.1 p with an average of 0.96 by 2.49 p. This is slightly in 
excess of the average length (1.94 p) of the cells of Bart, veticatorium (3). 
Otherwise the similarity is very close. Endospores and involution forms 
have not been observed. 

The organism grows very readily on potato agar containing 2 per cent 
dextrose and no peptone and leas vigorously on corn-meal agar or beef- 
peptone agar. The organism was grown in parallel series of cultures with 
Bad. vertcatorium. Bad. composite, and B. caili on beef-peptone agar, 
potato-dfxtrgfeagar, gelatin, potato cylinders, milk, litmus milk, milk with 
brom cresol purple, milk with phenol red, nitrate bouillon. 2 per cent pep- 
t tons solutions c ante ni i n g the different carbon sources, dextrose, saccharose, 
maltose, histone, pywrin and' mannit, nutrient agar containing these 
different carbon* seosetk anddha H-ion indicators, phenol red, brom thymol 
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blue, and brom cresol purple, nutrient agar with starch, Usehinsky’s, 
Fermi's, and Cohn's solutions, blood serum, and sodium chloride solutions. 

Gelatin was liquefied. No acid was produced in milk and no acid or 
gas was produced with the different carbon sources. Starch was dissolved. 
Nitrates were not reduced and no indol or skatol was produced from pep¬ 
tone. Growth occurred in Usehinsky’s and Fermi's solutions but not in 
Cohn's solution. In all of these tests the radish organism closely resembled 
Bad. campestre and Bad. vesicatorium. It differed from the former in its 
more rapid liquefaction of gelatin, from the latter in its toleration of 4 per 
cent sodium chloride rather than 3 per cent, and from both in its failure 
to grow in Cohn’s solution. 

The radish organism grew well at 21°, 27°, and 32° C\. and slowly at 
12° (\ and 33° C. The thermal death point in water suspension (6) was 
found to be between 50° and 32° C. Exposure for 20-, 30-, and 40-minute 
periods to bright sunlight greatly reduced the number of colonies in the 
unshaded portions of poured plates, and 60-minute exposures effected com¬ 
plete sterilization. The organism was not killed by a 43-day jwriod of 
desiccation on glass. 


TAXONOMY OF CAt’SAL ORGANISM 

The radish organism differs from Bad. macnlicola McCulloch t7>, the 
cause of a leaf-spot disease of cauliflower, and Bart, angulatum Fromrne 
and Murray (1>, the cause of angular leaf spot of tobacco, in that it is a 
yellow instead of white organism. Bacterium tabarum Wolf and Foster 
(11), the cause of tobacco wildfire, was found by Johnson. Slagg. and 
Murwin (3) to be pathogenic to pepper, tomato, cabbage, turnip, radish, 
and mustard, but also is a white rather than a yellow organism. Bacterium 
metleum Johnson causes a leaf spot of tobacco and was found pathogenic 
to tomato (4). However, the radish organism differs from Bad. melleum 
in being monoflagellate and in its failure to impart a honey-like color to 
|x>tato-dextrose agar. 

In culture the radish organism closely resembled Bart. campestre 
E.F.H. (9) but differs in host range and failure to produce vascular infec¬ 
tion. The leaf-spotting Bad . rampestre var. armoraceae McCulloch, 
recently described as the cause of a leaf spot of horse-radish, cabbage, and 
cauliflower (8), resembles the radish organism in type of lesion produced 
and in culture, even to a failure to grow in Cohn’s solution but was reported 
not pathogenic to radish, mustard, or kale. Furthermore, attempts to 
infect horse-radish with the radish organism have been unsuccessful. 

The radish organism closely resembled Bact. vesicatorium Doidge (3) 
in culture and in the type of lesion produced on tomato leaves. The lesions 
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formed on pepper leaves are, however, somewhat different, (Fig. 2, A and 
B). In parallel inoculation tests Baft, vesicatorium infected only tomato 
mad pepper plants, whereas the radial) organism infected radish, turnip, 
mustard, cauliflower, cabbage, kale, Brussels sprouts, and tobacco, in addi- 
tion to tomato and pepper. In view of the fairly complete morphological 
and cultural similarity of these two organisms and their similar patho¬ 
logical effect upon tomato, it seems desirable for the present to consider the 
radish organism a strain of Bad. vesicatorium, which may be characterized 
as follows: 

Bacterium vesicatorium raphani n. var. 

Cylindrical rods, rounded at the ends, solitary, in pairs or chains, indi¬ 
vidual rods 2.0 to 3.1 p by 0.65 to 1.2 p; motile by a single polar flagellum, 
occasionally bipolar; aerobic, no spores; not conspicuously capsulate. Sur¬ 
face colonies on potato-dextrose agar, round, pulvinate, smooth, glistening, 
barium yellow, margin entire. Gelatin rapidly liquefied; no acid produced 
in milk; casein digested; nitrates not reduced; no acid or gas produced 
in media with various carbohydrates; gram-negative. Group number 
211.3332513, or, according to the chart issued in 1920 by the Society of 
American Bacteriologists, 5322-31135-1333. Pathogenic on radish and 
turnip, forming lesions on leaf, petiole, cotyledon, and stem. Also patho¬ 
genic on cabbage, cauliflower, kale, Brussels sprouts, mustard, tobacco, 
pepper, and tomato plants and fruit. 

TRANSMISSION WITH RADISH SEED 

In the greenhouse work on varietal resistance, one lot of radish plants 
grown from seeds obtained from one firm allowed infection before inocula¬ 
tions could be made, while seeds from two other firms, planted at the same 
time, produced plants with no signs of infection. Other lots of seed that 
had been on hand in the laboratory produced plants showing no signs of 
infection. Cotyledon lesions occurred abundantly on plants produced 
from the apparently infested lot of seeds and the causal organism was 
repeatedly isolated from these lesions. This evidence indicated that the 
organism was carried with radish seed and might be thus introduced into 
gardens. 

More conclusive proof of seed etrripge Of the organism was obtained in 
tests with stectiued soil. In order to determine the possibility of control 
of the diaasae by'"seed disinfection, radish seed from seven varieties in' 
the ee»mqr*ial lots fpond infested was immersed ten minutes in a 1-1000 
solution c# mewwtif Chloride and then pleated in pots of sterilised aril. 
Nontreated seeds pMpjfted in’ similar pots served as controls. Counts were 
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made 28 days later to determine the percentage of infected plants in 
each pot. 

Of the 40 plants from treated seed of the Early White Tipped variety, 
only 10 per cent were infected as compared with 38 per cent of the 42 
plants from nontreated seed. 

Of the 40 plants from treated seed of the Scarlet Globe variety, only 7 
per cent were infected, while 44 per cent of the 45 plants from nontreated 
seed developed infection. 

Of the 35 plants from treated seed of the Scarlet Turnip variety, only 
8 per cent were infected. Fifty-eight per cent of the 43 plants from non¬ 
treated seed showed the disease. 

The 40 plants from treated seed of the Early Giant Crimson variety 
showed 2 per cent of infection. Of the 40 plants grown from nontreated 
seed 17 per cent were infected. 

Of the 36 plants from treated seed of the \Yo<k1s Frame variety, only 
14 per cent were infected, while 60 per cent of the 45 plants from non¬ 
treated seed developed infection. 

The reduction of infection by seed treatment wan still less in the two 
remaining varieties. Of the 3* plants from treated seed of the Early 
Round Red variety, 42 per cent were infected, while 62 per cent of the 40 
plants from nontreated seed became diseased. Of the 50 plants from 
treated seed of Felton’s White Box variety, 30 per cent were infected com¬ 
pared with 70 per cent of the 193 plants from nontreated seed. 

The high incidence of infection occurring in the sterilized soil proved 
the disease to be seed-borne. Surface disinfection of the seed reduced the 
amount of infection but did not give a perfect control of the disease. Ap¬ 
parently, the organisms are so situated in the seed that not all can be killed 
bv surface disinfection. 

SVMMARY 

The bacterial-spot disease of radish and turnip is characterized by 
black or brown circular lesions on the leaves and elongated, deep-sunken, 
black lesions on the petioles and stems of young plants. 

The causal organism is a yellow monoflagcllate bacterium, herein de¬ 
scribed as Bacterium vesica tori urn raphani n. var. 

While the disease is most serious on radish and turnip, particularly that 
following petiole infection, the organism is pathogenic also to cabbage, 
cauliflower, Brussels sprouts, kale, mustard, tomato, pepper, and tobacco. 
Tomato fruits also were infected. 

On cabbage, kale, cauliflower, and Brussels sprouts the organism forms 
circular, chalky-white lesions on the leaves. 
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In inoculation testa a number of varieties of radish, turnip, Brussels 
sprouts, mustard, cauliflower, and cabbage were found susceptible and no 
resistant varieties were found. 

The radish organism was compared with Bad . campestre and Bad . 
vedcatorium in cultural and inoculation tests. In culture the radish organ¬ 
ism closely resembles Bad. cam^stre, Bad . vesicatorinm, and, apparently, 
Bad . campesire var. armoraceae. 

The radish organism differs from Bad. campestre in its wider host 
range and in type of symptom produced and from Bad. campestre var. 
armoraceae in its wider host range. 

The radish organism differs from Bad. vesicatorium in its wider host 
range and type of lesion produced on pepper. 

The organism was found to be carried on commercial radish seed with 
consequent seedling infection. Surface disinfection of seed afforded only 
a partial control. 
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INOCULATION OF WHEAT WITH TILLETIA LEVIS (KCHN) 


K. W. BODINt AND L. W. Dl'RIEU 

Contrary to our usual conception of smut inoculation and infection, 
several investigators in the past have induced infection in cereals with dif¬ 
ferent species of smut in ways differing from the normal. 

As early as 1896 Hitchcock and Norton (4; used a pointed glass tube 
to inject a spore suspension of com smut (Cntilago zeae) into different 
parts of corn plants and since that time this method of inoculating corn 
has frequently been used. Plata (7) succeeded in infecting com plants by 
spraying them with a sporidial suspension and Griffiths (3) produced arti¬ 
ficial infection of corn with conidial suspensions. The plants were inocu¬ 
lated either by injecting the conidial suspensions into the young parts with 
a hypodermic syringe or by pouring the suspension into the tops of tfie 
plants before they tasseled. Zehnec (9), studying loose smut of barley 
(C. nuda), injected spore suspensions through the folded leaves and into 
or near the apical region of tiller growth, thereby producing smutted heads. 
Far is and Heed (2) produced loose kernel smut of sorghum iSpkacelotheca 
rrurnta} in different parts of the plant by injection, though the only pre¬ 
viously known means of infection by this organism was seedling penetra¬ 
tion. Milan (5, 6>, in studies with stinking smut (TMetia levis !. found 
that infection could be pnaluced in plants past the susceptible period by 
puncturing the base of the culm with a needle and immersing the plant in 
a suspension of germinating chlamvdospores. 

The above results illustrate the prolonged susceptibility of the grain 
plants to smut infection. This also suggests that in the case of T. Irv is 
infection in the wheat plant might be produced after the seedling stage by 
introduction of inoculum. 

In the following discussion the culturing of T. Irvin is described, to¬ 
gether with an account of the use of both cultures and suspensions of spores 
in producing infection in plants beyond the seedling stage. 

MATERIALS AND METHODS 

A pure culture of T. levin secured from selected smut balls was first 
used. Theae smut balls were from local collections on the Experiment 
Station Farm, and, later, eleven other strains were cultured from smutted 
wheat from widely separated regions in the United States. 

The smut balls were surface sterilised by dipping them into mercuric 
chloride 1:1000. They were removed and held with sterile tweezers, and 
with a sterile needle a small hole was carefully made in the smut ball and 
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spores quickly secured from the inside of the b&ll, 'These spores were then 
shaken onto nonnutrient agar in a petri dish. After five days the colonies 
resulting from germinating spores were transferred to nutrient agar and 
placed at room temperature for two to three days to bring out possible con¬ 
tamination. The cultures were then held at the more optimum tempera¬ 
tures of 12° to 15° C. 

The fungus grows readily on several media and particularly well on 
Thaxter’s potato hard agar. Growth is very slow at first, but in three to 
six weeks agar slants become well covered with a thin, snow-white, more or 
less prostrate, felty growth. "When young, the colony is very white and 
smooth, with no indication of fluffiness or tufts of growth. As it gets older 
great masses of brown spores resembling chlatpydospores are formed, giv¬ 
ing the colony a brownish or tan color. This development or change of 
color occun very rapidly in the light and at higher temperatures. This 
change also is accompanied by the development of the characteristic bunt 
odor. Microscopic examination shows the growth to consist of tangled 
masses of hyphae several hundred ifiicrons long, continuously producing 
masses of sporidia. The growth, however, is not so much by direct hyphsl 
spread as by sporidia] discharge. The sporidia are shot out from the main 
mass as described by Buller and Vanterpool (1) in the case of germinating 
chlamydospores. A veritable barrage of sporidia is discharged from the 
colony. These sporidia germinate on the agar where they light, producing 
small new colonies that repeat the process. Many sporidia are shot as far 
as the glass walls of the culture tube, where they stick. 

A pure culture of T. levis is shown in figure 1, A, which illustrates the 
drifted manner of growth. It appears to differ materially from that figured 
and described by Sartoris (8). 

Mnltisporidial cultures can easily be made from a culture with shoot¬ 
ing sporidia by joining the flamed mouth of a tube containing a culture of 
T . levis with the flamed month of a flask of medium and wrapping the junc¬ 
ture in sterile cotton (Fig. 1, B). If left in this position two to four days 
sporidia are shot down to the medium below and there produce profuse 
colonies. This process can be repeated for weeks In making new cultures. 
These small white colonies can be used for inoculation or allowed to grow 
into a mfft from which heavy suspensions ef sporidia may be obtained for 
inoculation purposes. * ’ 

Defia,nde wheat was used in infection tests. The seed was heavily treated 
with capper carbonate before planting in the greenhouse. This sterilisation 
**** effective* since no smutted plants appeared among several thousand 
ehaift plant*. * Growth and maturity of the wheat plants were hastened by 
artificial light. The plants WWc grown in 5-foot rows and every other row 
was on^m a check. 
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Flo 1 A Flirt* culturt** ut Tiltrtw Ir tu on potato hard agar, showing the drifted 
ilmraeter of growth br «|»ore dtaeharge From material eolleeted loeallr B Method 
of transfer b> sjmridtal diarbarge from agar slant** Note the large colonies m flasks 
resulting from the great number of sporidta fallen from the lulture abo*e 

The wheat plants were inoculated at different heights from 3] inches to 
18 inches. Three different kinds of inoculum were used. ’ll?, small colonies 
six to ten days old resulting from germinating chlann dospores. spore 
suspension of germinating chlamydospores and multispondial eultures 
obtained by spore discharge consisting of In phae and sporidia The small 
colonies and multiaporidial cultures were inserted inside the wheat sheath 
with an ordinary transfer needle The spore suspensions were injected into 
the plant by the hjpodermie needle All inoculum was placed as near the 
nodes or the young growing wheat head as possible Where suspensions 
were used chances of infection were probablj greater because the one cubic 
centimeter of injected suspension filled the sheath and distributed the 
inoculum to the susceptible tissue 

INFECTION RESULTS 

The above methods were used to inoculate 236 w heat plants in the green¬ 
house. For checks 322 other plants were used and, except for the inoculum, 
were treated as were the inoculated plants. 
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In the following table is a summary of the results obtained from inocula¬ 
tions of plants of ditferent ages by inserting small cultures of T. levis into 
the sheath. 


TABLE 1 .—Infection of vheal with TiUrlia levu (Kuhn) 


Height of 
wheat plants 

Age when 
inoculated 

Total number 
of plants 
inoculated 

Percentage 
of smut 

3i inches 

11 days 

51 

9.8 

Control 

11 

75 

0.0 

6 inches 

19 

50 

6.0 

Control 

19 

50 

0.0 

8 inches 

23 

40 

8.7 

Control 

25 

63 

0.0 

12 inches 

31 

48 

6.3 

Control 

31 

71 

0.0 

18 inches 

59 

41 

7 3 

Control 

59 

61 

0 0 


Though the percentage of infection in the plants tested is not great, the 
results indicate that infection is possible by means of introducing colonies 
of T. levis in contact with the growing tissues. 

The plants infected produced smutted heads many of which were tlis- 
torted as in figure 2 Some of the inoculated plants showed similar distor¬ 
tion without visible signs of smut, though care was taken not to injure the 
growing stems when making inoculations. 

Similar experiments also were made on plants 30 days old. 12 inches tall, 
grown from sterilized seed in sterilized soil. They were inoculated in three 
ways, viz, with small colonies, with a suspension of germinating chlamydo- 
spores. and with masses of sporidia and hyphae. The plants were held at 
15 s C. Only a few plants were inoculated but the results showed approxi¬ 
mately 50 per cent infection. Adequate controls showed no infection. 
Inoculation of the flower and nearly mature head has failed so far. No 
boils so far have been produced on nodes or stems as reported for similar 
inoculation with T\ teat. 

As might be expected, temperature plays a part in infection. In the 
find inoculation tests the temperature of Ae greenhouse was too high, being 
20° to 25* fi. Tests on a few plants had at 15* C. during the infection 
period abowed a much higher percentage of infection. The temperature 
qhambers were spall af&eould only hold a few plants of wheat. A aeries 
including 15^20°, 25*, and 80* C„waa tried with checks at 15* C. Three 
out of four of tie phftrts inoculated with sporidial cultures produced 
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Flo - head* of wheat prfHlurnl h\ inoculation with culture* and spore *u* 

|M‘n*ion* Dwarfing aud distortion usualh a< company (omitting 

smutted heads at 15° C and one out of three in those held at 20 C Abote 
these temperatures no infection was produced 

The reaction of inoculated wheat to temperature eorrespoinls m a \\R\ 
to the behavior of the cultures at higher temperature Aho\e 20" C the 
organism in culture turns brown ami produces spores which to all appear* 
ances are like the chlamydos|>ore* At 25 ami 30 C the mycelium m 
culture breaks up and disintegrates 

The cultures in vitro follow about the same time schedule as does the 
fungus in the wheat plant, germinating making \egetatne growth, and 
darkening, with the production of brown spores in 50 to 70 days 

The wheat tissue appears susceptible to infection up to the time of 
flowering, though infection occurs more readily on the younger plants. 

The State Agricultural College of Colorado, 

Fort Collins, Colo 
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FIELD 0B8ERVATI0N8 ON STRAWBERRY DWARF IN 
NORTH CAROLINA 

Xkil £. Stivers and Pin V. Mook 

The disease of strawberries discussed in the present paper has been well 
described by Plakidas 1 and by Brooks. 9 It is the most conspicuous mal¬ 
formation of strawberry plants in the Southern States, during the summer 
months, and has long been recognised by growers. In Florida the disease 
usually has been known as ‘ 4 crimps/’ but, in Louisiana and North Carolina, 
it is almost always called 4 * dwarf.” The name dwarf will be used in this 
paper both because it was used in connection with the first published de¬ 
scription of the disease in this country and because it has the more general 
usage. 

Brooks proved that the disease is due to a nematode. On the basis of 
examinations made of diseased plants submitted by Dr. A. N. Brooks from 
Florida, by I>r. A. 0. Plakidas from Louisiana, and by Dr. G. M. Darrow 
and the writers from North Carolina and other Southern States, and after 
an investigation of the strawberry situation in and near Plant City, Fla., 
in March, 1929, Dr. G. Steiner of the Office of Xematology and Technology, 
Bureau of Plant Industry, concluded that the causal nema is Aphelenckus 
fragariae or a very closely related form. In view of the present importance 
of dwarf, it seems probable that the recent field observations in North Caro¬ 
lina may be of use to other investigators. 

THE INTHODrcTIOX OF DWARF INTO NEW FIELDS 

The desirability of new land for strawberry culture has long been recog¬ 
nized by growers. For this reason, strawberries are often planted in fields 
freshly cleared of timber. In such fields, even though well isolated from 
other cultivated fields, strawberries often show a high percentage of dwarf. 
One such field of the Klondike variety, near Chadbourn, N. C., showed well 
over 90 per cent of dwarf, while an adjacent field of strawberries of the 
same variety, separated only by a drainage ditch but planted with a dif¬ 
ferent lot of plants, showed no evidence of the disease. The oidy reasonable 
conclusion is that the disease was carried to the fields in the strawberry' 
plants themselves. 

The following experiment was designed to test the importance of this 
means of distribution: A field at Chadbourn, N. C.» was planted in Feb¬ 
ruary and March, 1929, with six lots of Klondike strawberries from widely 
separated sources. Examination for dwarf in October, 1929, showed the 

1 Plakidas, A. G. Strawberry dwarf. Phytopath. IS: 430-444. 1028. 

•Brooks, A N., J. B. Watson, and Harold Howry. Strawberries in Florida. Fla. 
Agr. Exp. Bta. Bnl 804. 1020. 
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following percentages of the disease: Plot 1-0; Plot 2-0*5; Plot 3-0*3; Plot 
4-0.8; Plot 5-5.0; Plot 6-5.0, It should be noted that the only lot of plants 
on which no dwarf w r as found came from a nursery north of the region 
where the disease has been found. 

THE RATE OF SPREAD OF DWARF UNDER FIELD CONDITIONS 

The results of a 44 census ’ 9 of the dwarf plants in certain fields near 
Chadboum on different dates during the summer of 1929 (given in Table 1) 
show the approximate abundance of the disease in that area. That a large 
proportion of the plants found diseased during the later inspection were 
already infected at the time of the earlier inspection is, of course, highly 
probable, and it is apparent that if roguing is to be attempted as a means 
of control, all but the least infected fields will have to be rogued more than 
once each season. 

TABLE 1 .—Xumber of strawberry plants showing the dwarf disease tn fields near 
Chadboum , Xorth Carolina , in J9£9 


Field 

Date of first 
inspection 

Percentage of 
plants show - 
mg dwarf 

Date of seeoud 
inspection 

Percentage of 
plants show 
ing dwarf 

1 

June 24 

13.8 

July 29 

16.0 

*> 

June 24 

15.7 

July 29 

13.7 

3 

July 2 

14.0 

July 30 

15.9 

4 

June 24 

10.0 

July 30 

15.0 

5 

July 6 

17.4 

Aug. 9 

20.5 

6 

July 18 

10 8 

Sept. 9 

23.0 

7 

Aug. 6 

(about 15 per 
cent rogued 
out) 

Sept. 9 

75 


INFECTION OF BLAKEMORE VARIETY AT WILLARD, X. t\ 

Attention has already been called* to the fact that tliia disease is spread 
by water. The circumstances surrounding the infection of the Blakemore 
variety at the Coastal Plain Test Farm at "Willard, N. C., point so directly 
to the transmission of the disease by water that they will be given in some 
detail. Blakemore is the result of a cross between Missionary and Howard 
17. It was developed by G. M. Darrow and G. F. Waldo of the Bureau 
of Plant Industry 4 at the U. H. Field Station at Glenn Dale, Maryland. 
Not only has this variety never been found infected with dwarf at Glenn 
Dale, but no evidence of the disease has ever been found there on any of 
hundreds ft varieties in the extensive breeding plots. In addition to fre¬ 
quent inspections by the men in charge of the breeding work and by others 

• Of. at. * * * • 

* Darrow, Geo. ML, and Geo. F. Waldo. The Blakemore strawberry. U. 8. Dept 
of Jtgr. Mbreslar M. 1026 . 
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interested in strawberries, the plots at Glenn Dale have been frequently 
surveyed by those most interested in this disease. Brooks spent several 
weeks there during the summer of 1926 and made a survey of the area in 
August, 1929. Plakidas visited these plots in the summer of 1928 and 
several times in 1929. It may then be safely assumed that the Blakemore 
plants were free from dwarf when sent to North Carolina. 

The important information regarding the various fields of Blakemore 
at or near Willard is given in table 2. 

TABLE 2.— Vale of planting , tourer of plant*, and condition tri th rtftrence to ducarf 
disease of Ike various fields of Blakemore at or near WtUard, X. C . 


Field 

When 

Condition 

Condition 

Source of 

planted 

August 4, 1929 

October ltf, 1929 

plants 

A 

Apr., 1927 

No piaut* 

No plant* 

Glenn Dale, Md. 

n 

June, 1928 

Not examined 

Apparently free 

Field A 

< 

May, 1929 

Free 

Field A 

D 

June, 1928 

1 twarf present 

Dwarf present 

Field A 

K 

May, 1929 

Dwarf present 

Dwarf present veil 

Field D 



scattered i 


F 

Mar., 1929 

Free 

Ihaarf present in the 

Glenn Dale. Md. 


lo*e*t portion of 
the field 


Field A—Well drained; land next to the grape*. 

Field IV- -A field at Tear by {about 7 mile* from Willard . 

Field <*—Well drained : land next to the grajH**. 

Field D—Ixiw land next to railroad. 

Field F j n higher, but lew* per forth drained, field than A or <\ 

It will be noted that the only fields found infected in August were D 
and the one (E* planted directly from it but that F also developed dwarf 
plants before October. 

The location and history of these fields are significant. Field D, one of 
the lowest on the farm, is located next to a railroad embankment, bordering 
a small brook that drains all that section of the farm; E and F are really 
adjacent portions of a single field, higher and better drained than D; but F 
lies below E and there is a low place near the center of F through which the 
run-off from field E drained and where during the summer of 1929 water 
often stood. Dwarf plants are present only in the lower part of D, are 
scattered more or less irregularly over E. and are confined chiefly to the 
lower middle portion of F. 

August and September, 1928, were unusually rainy in eastern North 
Carolina. Rainfall for September for the entire State was the heaviest 
since 1908; the combined rainfall for August and September, 1928, was 
greater than any recorded in the State. The August rainfall for Willard 
was 6.89 inches and for Wilmington 7.11 inches. The September rainfall 
for Willard was 9.02 inches and 13,41 inches for Wilmington. This eul- 
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minated in the tropical storm 'which swept over the eastern part of the State 
September 18 and 19,1928, with a total of 4.40 inches for Willard and 4.76 
inches for Wilmington. 

Following these excessive rains, all the lower portion of field D was sub¬ 
merged for several days, as was a large part of the area just across the brook 
that was planted with seedling strawberries from Glenn Dale, reference to 
which will be made later. It is this submerged portion of field D which 
contains the plants now infected with dwarf. The only reasonable explana¬ 
tion is that the dwarf plants here were infected during the submerged 
period in 1928, that some infected plants were transplanted to field E, thus 
becoming scattered over the field, and that, subsequently, the lower portion 
of field F became infected from these plants. 

That dwarf really is an infectious disease and not a condition due to 
poor drainage is indicated by the history of the seedlings mentioned above 
These were so badly submerged by the storms of 1928 that most of them 
died and the survivors were subsequently planted on higher ground where 
certain patches showed in October, 1929, the most severe cases of dwarf 
that the writers have ever seen. 

PROBABLE SOURCE OF THE INFECTION ON THE BLAKEMORI. 

VARIETY AT WILLARD 

Strawberries have been grown commercially at several places on the test 
farm at Willard, many of which were no doubt diseased. Throughout the 
seasons of 1928 and 1929, a field of about two acre* of the Missionary 
variety, showing two to five per cent infection with dwarf, was grown on 
the test farm on an area that drains directly into the brook running beside 
field D. The planting stock for this field was obtained from an adjoining 
area, plowed up after fruiting in the spring of 1928. Fields A, (\ E, and 
F do not drain toward D. The only apparent source of infection was the 
two-acre field of the Missionary variety from which water spread the dis. 
ease to field D. 

SUMMARY 

Field observations in North Carolina indicate that the dwarf disease 
of strawberries is carried to new land by the planting of infected plants. 

Typical fields of the Klondike variety near Chadboum showed from 10 
to 23 per bent of this disease during the summer of 1929, Several fields 
showed'as high as 90 per cent. 

Plants of the ®lakcmore variety originated at Glenn Dale, Md., which 
had new ihoW$thi disease, became infected during 1928 and 1929 at Wil* 
lard, N, ft 

The ctmndstaadfl indicate that the disease was spread by water. 

BuwapofPlant InOTTHTHY, 

Wurnmnw, D. C. 



EPHELIS-LIKE COXIDIA AND FLORET STERILITY IX AU1STIDA 

William W. Diehl* 

An abnormal specimen of Aristide glauca, gathered by B. C. Tharp in 
Lampasas County, Texas, in 1924, showed certain features in comparison 
with accompanying normal material which appear not to be recorded. This 
account deals with a short discussion of the abnormality and of the Ephelis- 
like fungus evident microscopically within the diseased spikelets of the 
grass. 

THE DISEASED HOST PLANT 


The diseased and normal plants are so unlike that it is difficult to recog¬ 
nize them as of the same sj>ecies < Fig. 1. A k (trasses infected by species 
of Ephelis usually show dwarfing, but rarely so extreme as in this instance. 



Kio. 1. A, (* 1,2.) Normal infloreacenre at loft; diseased inflorescence at right. 
B. (\2.2.) Hpikelet* of Ariatida: Left, normal spikelct; center, normal glumes, floret 
removed; right, diseased spikelets, at bottom, glumes only, floret removed. 


In certain species of Ephelis the fungus surrounds the undeveloped 
inflorescence of the host which it encases, preventing thereby further floral 
development. In this instance, however, the diseased specimen is distin¬ 
guishable superficially only by a consistent dwarfing of the entire inflores¬ 
cence. Individual spikelets compared with normal ones (Fig. 1, B) are 
uniformly dwarfed. The glumes are found constantly to be approximately 

1 Thanks are due to Mrs. Agnes Chase and Dr. A. 8. Hitchcock for verification of 
the grass hoot and to Mr. J. F. Brewer for the photographs. 
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one-sixth the length of normal glumes, although nearly as broad. The 
florets, which in Aristida are but one to the spikelet, are reduced in size 
proportionately. The grains failed to develop whether the coincident 
fungus mass was slight or extensive. A section (Fig. 2, A) through a 



Fin. 2. A. (x"8.) Free-hand section of diseased spikelet transverse to the main 
axis, showing inner glume and lemma enclosing stamens and undeveloped ovary with 
small central fungus mass. B. (v 120.) Cross section—as tn A—of a mature srlerotium, 
showing lemma partially enclosing the fungus layer with inner cavity lined by a mass 
of conidia. C. Interpretative drawing of ronidia and conidiopbores. 

sterile spikelet with but slight fungous development shows little displace¬ 
ment of host tissues, although other sections (Fig. 2, B) where the fungous 
growth had developed extensively showed extreme displacement of host by 
fungous tissue to the extent of entire elimination of all the floret except 
the lemma. 

THE FUNGI’S 

The fungus mass found in sterile florets may be rnyanflfirt as selerotioid. 
even though certain host tissues are included; this is homologous with the 
structure found in Bala ns ia kypoxylon (Epteti* bortalit E. ft E.) and de- 
scribed by Atkinson* as a ‘ ‘ paeudosderotium. ’ ’ Mature selerotioid masses 
where tjie floret tissues were largely displaced (Fig. 2, B), the lemma re¬ 
maining as a rind, are quite variable i| fixe, but none were observed over 
2 mm. in Jeagth; they also vary in color from gray through brown to black. 
These mature bodies differ from sclerotic hitherto recognised in Ephelis in 
that here the entire edntrsl region is a cavity filled with a mass of acieular 

* AtkisapNl Q. F., in The Gcaert Balaadx, etc., p. 249. Jour. Ilyrol. 11: 24S- 
997 . 1005. 
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conidia of the type found in a normal Ephelis fructification. These conidia 
are of a dark greenish cant when in mass, but hyaline when single, 
20-23 * 1-2 p, rarely up to 29 p long, borne upon short eonidiophores not 
exceeding 3 x 1 p. Although not clearly demonstrated, separation in sug¬ 
gested by the regular constriction and by frequent division into three seg¬ 
ments. The protoplasmic content of these eonidia is definitely guttulate 
(Fig. 2, (’). The layer of spores presents the appearance of a palisade 
lining the lemma. They readily become detached from the eonidiophores. 
fill the cavity, and extrude through the vertical aperture along the side not 
covered by the lemma. 

The extreme variability in sire and state of maturity of the fungus 
mass W’ithin the florets suggests a possible explanation for some obscure in¬ 
stances of floret sterility in other grasses. There should be no confusion, 
however, between this type of dwarfing and that dwarfing and malformation 
characteristic in Aristida when infected by species of Sorosporium. It may 
be significant in this connection to note that the writer’s various attempts 
to culture living material of Ephelis on artificial media have been uniformly 
unsuccessful.* 

Bureau or Plant Industry. 

r. S. Department of Agriculture, 

Wash i noton. D. (\ 

5 After the shore account had been aent to press the writer accompanied hr Pro* 
feaaor Tharp of Auntin, Texas, riaited the locality in Lampaaa* County on June 4, 1930, 
where theae characterUtirally diseased plant* are numerou*. The writer is very grateful 
to Profeaaur Th trp for transportation and other courtesies in this connection. 




A8TER0CYST1S RADICIS IN THE ROOTS OF CEREALS 
IN SASKATCHEWAN 

T . C . Vantebpool 


While conducting a systematic microscopic examination of the root 
systems of wheat, oat, barley, and rye seedlings grown in pots of soil col¬ 
lected from widely distributed localities of Saskatchewan, the writer was 
struck by the frequent occurrence of sporangia and hypnospores of 
Asterocystis radicis de Wild. ( Olpidium radicicolum de Wild. (1) in the 
finer roots of oats and their occasional presence in wheat, barley, and rye. 
This fungus was observed also in roots of maize, western rye grass 
(Agropyron tcnerum VaseyJ, and field mustard ( Sinapis arvensis L. > 
seedlings in potted soil and in barley seedlings from the field. The pots 
were kept well watered throughout the experiments. As a rule, infection 
was slight and the roots appeared none the worse because of the presence 
of the fungus. Occasionally, however, infection of the oat roots was w» 
intense (Fig. 1, V and I)) that the affected roots showed signs of necrosis. 
In such instances the normal activity of the plants was doubtless greatly 
impaired, as evidenced by the slight yellow discoloration of the leaves of 
the seedlings. The most heavily infested soils appeared to be those with 
highest water-holding capacity. 

In the light of the contributions of European investigators and more 
especially of the recent work of Ciuyot (4>, these observations take on a 
new interest and perhaps warrant this note. According to this author 
de Wildeman reported as early as 1803 the presence of A. radicis in the 
roots of Gramineae. And Marchal observed this fungus on oats, in 1901, 
but never found it on wheat in the course of his experiments. More re¬ 
cently, other Continental workers f3. 5. 8) have observed its occurrence in 
oats and wheat. Rives (8), in 1923, attributes to this fungus the cause of 
an occasional root-scorch disease of oats in France and believes that the 
ability of the fungus to attack depends upon conditions unfavorable to the 
plant. Fron and Gaiilat (3) were able to infect oats and several grasses 
with it but did not get infection on wheat. Guyot (4) could readily obtain 
infection of oat roots; but only in very heavily infested soil could he infect 
wheat. In the spring of 1926, he found A. radicis and other fungi asso¬ 
ciated with the roots of chlorotic and yellowed winter-wheat and oat plants 
obtained from low, wet spots in fields near Paris. Unlike Rives, he is in¬ 
clined to believe that the scorch and chlorosis of these plants are not caused 
by A. radicis but are due to physiological disturbances brought about by 
excessive moisture. Peyronel (5, 6, 7) has frequently encountered 
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Fra. 1. Atieroeytiit radtcit. A. Sporangium in an epidermal cell of an oat rout 
with two very abort exit tube* protruding slightly through the outer cell nail of the 
host. Stained with laeto-pbenol-eotton bine, x 900. B. Two hypnospores in an epi¬ 
dermal cell of a wheat root. Photographed in vivo. x900. C. Surface view of 
sporangia in an oat root. An empty sporangia! sac is to be seen in the center of the 
photograph. Stained with laeto-pbenol-acid fuchsia, x 280. *D. Surface view of a 
portion of an oat root showing hypnospores in process of formation from sporangia 
(sygotes)* and rounded-up zoospores within the host tissue. Stained with laeto-pbenol- 
acid fuchsia, x 280. 

A. radtcit on both healthy and decayed wheat roots while investigating 
mycerrhica in that cereal, and be is of the belief that this fungus can be¬ 
come a virqjfnt parasite under conditions unfavorable to the host. Quyot, in 
his l y et lt *efatributiqmto th^tatonomy and biology of A. radtcit, contends 
that the characters hitherto thwd to separate A. radtcit and Olpidium brat• 
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sicae (Wop.) Dangeard are no longer tenable and be strongly doubts whether 
the two forms can be maintained as distinct species. An exit tube for the 
discharge of the zoospores from the sporangium was previously supposed to 
bo lacking in A. radicis , but Guyot pointed out that the sporangia of A. 
radicis in oats and in Poa annua frequently possess one or more exit tubes. 
A. rad iris has not been reported from America, but Guyot is of the opinion 
that the fungus described by Bensuade (2), in 1923, in the roots of tomato, 
tobacco, and cabbage in Wisconsin as 0. braxsicae Ls none other than 
A. rad wifi. 

During his studies the present writer has frequently observed long 
exit tubes in the mature sporangia in oats, but less commonly in wheat. 
As is characteristic of A. rad iris , the sporangia and hypnospores were 
found singly or in aggregates in the epidermal, root hair, and outermost 
cortical cells of the root ( Fig. 11. The hypnospores varied in size from 
8p to 40 ii in diameter, with an average of 18 p ^Fig. 1, B and D). The 
sporangia averaged slightly larger (Fig. 1, A and Cl. Occasionally, 
zoospores which had l>een discharged internally would be seen in active 
motion confined in a host cell. The zoospores were uniflagellate with the 
flagellum equal in length to about six times the diameter of the spore. Pene¬ 
tration of a root hair by a zoospore was observed. t Fig. 2B) The zoospore, 
however, is able to penetrate an epidermal cell of the root directly tcf. 9\ 
as evidenced by the frequent presence of sporangia and hypnospores in 
epidermal cells just behind the root tip in the region where root hairs had 
not yet developed. Oils of the root cap also are sometimes invaded. The 



Pm. 2. A. AstcrocysttM nuhe**. At the top: An empty aporanginl *ac with papilla- 
like exit tube showing nt the aurface u a flattened ring. Below: Two immature indi¬ 
viduals. x 900. B. A*teroct*t** radwi*. A tooepore penetrating a root lmir of a wheat 
needling grown in iteriie water in a «mall flaak. * 1350. 
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fungus shows up well in the host tissue when stained with lacto-phenol- 
eotton blue or lacto-phenol-acid fuchsin. Dilute Gram’s iodine solu¬ 
tion stains the sporangia bright brick red, while the hypnospores are 
Stained a reddish brown. This reagent is also well suited for showing 
up the zoospore flagellum. 

It appears from the pot experiments conducted in this greenhouse that 
A . radicis is a normal inhabitant of Saskatchewan soils. It is doubtless 
maintained from year to year in the roots of various mustards and grasses 
as well as on the cultivated cereals. Prom the writer’s findings and those 
of European workers it seems probable that only under exceptionally 
favorable conditions would this fungus cause any significant damage, and 
then only on oats. Alone, it need hardly be regarded as of any economic 
importance; but, as paving the way for or aggravating the damage caused 
by more vigorous parasites, it may doubtless become one of the many con¬ 
tributing factors in the root-rot complex of oats in some localities. 
Phytopathological Laboratory, 

University of Saskatchewan, 

Saskatoon, Canada. 
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PHYTOPATHOLOGICAL NOTES 


A celluloid cell for inoculation of plants with insect vectors .—Cells of 
different sizes made of glass, wire mesh, and celluloid have been used by 
the writer in his work with tomato yellows, transmitted by a leaf hopper, 
Eutettix tenellus Baker. At first, various types of cells used by other 
workers w'ere tried. Later, a modification of a celluloid cell was evolved 
that proved very convenient. The appearance of this cell when attached 
to the plant is illustrated in figure 1. It is about 3 inches in length and 2\ 
inches in diameter. To make such cells, celluloid sheets 50 inches long 
and 20 inches wide were obtained and cut each, into 24 equal pieces, ap¬ 
proximately 5 x 8J inches in size. Glass bottles about 24 inches in diameter 
were used as forms to give those cells a cylindrical shape. While holding 
with one hand the small piece of celluloid so as to partly envelop the bottle, 
a cement was applied to the edges which were to lap. There are commercial 
cements on the market suitable for this purpose, but a good one may be 
quickly and cheaply prepared by dissolving pieces of celluloid in acetone. 
After smearing the cement along the edges of the two opposed surfaces the 
latter were pressed together and the cylinder, with its form inside, was 
laid on the table, seam side down, with some weight on the top. When the 
cemented parts harden in this {msition, a permanent union (Fig. 1, e). as 
well as a convenient shape, is obtained, but if taken off the form while the 
seam is still soft, the cylindrical shape of the tube may be lost. A piece 
of cloth of a d<*sired density was fastened to one end of the cylinder by a 
couple of rubber bands and the space between these bands was saturated 
with the celluloid cement (Fig. 1, a). When this was dry. the superfluous 
edges of the cloth were trimmed close to the rubber hand. A small hole 
was made in the center of the cloth for introducing insects. This was kept 
plugged with cotton when not in use (Fig. 1. b>. At the other end. a cloth 
tube 4 or 5 inches in length and of the same diameter as the celluloid tube 
was affixed in a manner similar to the one just described (Fig. 1, c). The 
portion of the plant chosen for the exposure to insects is introduced into 
the cell through the open cloth end, which is then tied up around the stem 
of the plant with a string (Fig. 1, d). This cell was used in work w'ith 
E. tenellus and Puratrwza cockerellii Sulc. and was found to be very con¬ 
venient. No doubt, it may be advantageously used in connection with other 
insect vectors. It is very light and in most cases needs no support, except 
of the plant stem itself. In this respect it is much preferred to all kinds 
of glass cells and lamp chimneys. It permits the circulation of air, pre¬ 
vents excessive accumulation of condensation water, and does not obstruct 
the entrance of light. The enclosed plant parts and the insects may be 

m 
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Via. l.—A Mall eellaloid ifloaalatlon chamber attached to a growing tip of a tomato 
plant for expoeare to rlrnliferotu iaceeta. 
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conveniently observed during the experiment. The insects may be readily 
located and removed with a suction tube. Finally, its size is such that, 
w'hile giving plenty of room for the inclosure, it also allows an economic 
use of the material.-^MiCHAEL Shapovalov, Western Tomato Disease In¬ 
vestigations, V . S. Department of Agriculture, Riverside, California. 

Rhizoctonia on wild potato .—The small wild potato, Solanum Jamesii, 
occurs in the southwestern part of Colorado and adjacent regions. It pro¬ 
duces small tubers that have been described as perfect miniature Early 
Ohios. Through the courtesy of Dr. Edna L. Johnson, of Boulder, the 
writer received a number of these tubers that bore black bodies having the 
appearance of sclerotia. Microscopic examination showed these black bodies 
to be sclerotia and later platings in all cases resulted in cultures of Rhizoc¬ 
tonia. The strain of Rhizoctonia obtained, however, has a growih habit dif¬ 
fering from that of the stock laboratory cultures of Rhizoctonia solani . 

The writer has been unable to find any reference to Solan urn Jamesii as 
a host for Rhizoctonia. The occurrence of the fungus on the tnbers of the 
little wild potato is interesting in the light of the prevalence of this organ¬ 
ism in the soils of the State.—E. J. .Starkey, Colo. Agr. College. Ft. Collins. 
Colorado. 

-V otf regarding a possible influence of sod reaction on development of 
powdery mildew on cow peas. —Plant-pathological and soil-fertility workers 
quite often meet on common ground to study problems of mutual interest. 
Take, for example, jmwdery and common scab of potatoes. cotton wilt, and 
cotton rust; or. in the case of a deficiency in the soil of nitrogen, phos¬ 
phorus, potassium, magnesium, manganese, iron, and other essential ele¬ 
ments, pathological manifestations of one kind or another, either directly 
or indirectly, often are in evidence The influence of soil, as to location 
and composition, is believed imjHirtant by plant pathologists; also, the 
well-known effective control of certain diseases with materials like lime, 
or perhaps augmenting another plant trouble equally as effectively with 
the same treatment. The present note refers briefly to a case of relative 
susceptibility of cowpea plants to ordinary powder}' mildew as influenced 
apparently by soil reaction. 

During the season of 1929, an experiment was started at Arlington 
Exi>eriment Farm to determine the comparative effectiveness of a number 
of phosphatic carriers, including superphosphate, lime or rock phosphate, 
soft phosphate, and dicalcium phosphate. The experiment is being con¬ 
ducted in an outside cage. Three plant indicators are employed, namely, 
wheat, cowpeas (Whippoorwill variety), and millet. These are grown in 
rotation in the order given. A duplicate series is included. 
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As it was desired to study the comparative effectiveness of the different 
phosphatic materials in a soil of varying reaction, a distinctly acid soil, 
pH 4.8, on Arlington Farm, was selected for the pot experiments. By the 
addition of hydrated lime, the reaction was changed to pH 6 4 and pH 7 5, 
respectively. 

Without attempting to consider details pertaining to soil-fertility mat¬ 
ters, attention is simply called to figures 1 and 2, which show the relative 
susceptibility of the cowpea plants to mildew under prevalent conditions. 
These specimens were taken from the nonfertilixed soils. The matter is 



Flo. 1.—Showing possible influence of soil reaction on development of ordinary j»o«dery 
mildew on cowpeas. No. 1—Soil reaction of pH 4 8 No 2—8oil 
reaction of pH 6 4 No 3—Soil reaction of pH 7 5. 



ba. ij—lmif* or cowpea material. No. 1—8oil reaction of pH 4.8. No. 

*—8otl fMptiaq of pa C-4. No. 8—Soil reaction of pH 7.5. 
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recorded at this time because of the clear-cut manifestation of the disease 
under an alkaline-soil reaction and the equally clear-cut improvement shown 
with increasing soil acidity, and, furthermore, because it was felt the ob¬ 
servation might be of interest to plant pathologists engaged in studying 
forage-crop diseases. In the case of cowpea plants grown on soil possessing 
a pH of 4.8 (No. 1), there was not evident a spot of mildew on a single leaf 
or stem. With a pH of 6.4 (No. 2), some mildew was found, and with a 
pH of 7.5 (No. 3), the ravages of the disease were quite marked, as indicated 
by leaves and stems. 

Whether the soil acidity retarded the development of the disease through 
plant-sap changes, or whether the added lime may have influenced the char¬ 
acter of the plant sap in such a way as to make it a more favorable culture 
medium for the organism, is not clear. No opportunity was afforded at 
the time to determine pH values of the respective plant saps or otherwise 
examine them for plant-food constituents.—B. E. Brown, Senior Biochem¬ 
ist, Soil Fertility Investigations, Bureau of Chemistry and Soils, U. S. De¬ 
partment of Agriculture. 

Xotei it on floodmy injury io strawberries .—The strawberry section of 
southern Alabama is located around the towns of Castleberry and Brewton 
in the drainage basin of the Conecuh River. In March, 1929, this basin 
ex|>erienced a very severe flood which was far more extensive and caused 
much more damage than the previous great ones of 1861 and 1916. 

The last of three periods of heavy rainfall during the month of February 
brought the rivers to flood stage and the saturated soil afforded an excellent 
foundation for the flood. The climax followed the enormous rainfall of 
March 13 to 15. At Brewton the precipitation during the later period was 
16.26 inches, making a total of 24 inches in less than a month. The crest 
of the flood occurred on March 15. Parts of the region were inundated to 
a depth of 10 or more feet. The duration of the flood varied with the 
topography of the land. In general, the water had receded to such an 
extent by March 21 that no cultivated fields were submerged. The soil 
remained saturated, however, for an appreciable time because of additional 
rainfall from March 21 to 23. 

The observations here reported are a part of the study of the strawberry- 
disease developments subsequent to the flood. The studies were made 
during the second week of April, approximately four weeks after the period 
of maximum precipitation. The Missionary variety is by far the most 
popular one in the Castleberry section, although both the Klondike and 
Aroma varieties are grown to some extent. At the time of the flood the 
majority of the plantings were in full bloom, the largest berries being slightly 
larger than peas. At the time of the writer’s observation four weeks later 
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the plants, in general, were in full bearing. The period of time that 
elapsed between full bloom and full bearing was therefore prolonged ap¬ 
proximately a week by the unusual weather conditions. 

Most of he strawberry plantings were located on the uplands and, con¬ 
sequently, were not submerged. The heavy driving rains had caused 
deep gullies in the fields and had washed out many plants by the roots. A 
large part of the pine-straw mulch was washed from under the plants, 
leaving the berries in contact with the soil. They were thus directly ex¬ 
posed to infection by soil fungi. By far the greatest injury to the crop, 
because of the wet period, consisted in decay^of the berries. In some fields 
as much as 50 per cent of the berries on the plants were partly decayed. 
A small percentage of the decay appeared to be hard rot, caused by 
Rhizoctonia sp. Most of it, however, exhibited the typical symptoms of 
leather rot caused by Phytophthora cactorum (Leb. and Cohn) Schroet. 

In one of the lowland fields of Missionary strawberries from which 
the water had drained slowly, it was possible to observe the effect on the 
plants of various periods of submergence. The field was located on the 
sloping side of a lake having no visible outlet. At various intervals as the 
flood waters receded the water line was marked by the owner so that he 
was able to tell approximately how long each part of the field had been 
submerged. A few of the rows in the upper part of the field had not been 
flooded and, at the time of the writer’s observation, were in excellent bear¬ 
ing. The adjacent rows on slightly lower ground appeared to be the same, 
although some of the plants had been covered for as long as two and a half 
days. No stakes marking the various water levels had been placed on the 
area which had been covered from six to fourteen days. Apparently no 
plants submerged less than a week were killed. The rows covered longer 
than a week contained numerous dead plants. The number of plants that 
were killed increased in proportion to the number of days of submergence, 
so that, near the stake marking the level on the fourteenth day, only a few 
of the mother plants having stout crowns were alive. There were no signs 
of life in any plant that had been covered longer than two weeks. 

In a neighboring field Aroma strawberries had been planted between 
rows of high-bush blueberries, probably Vactinium virgatum Ait. Water 
had remained in the depressions in the field and in some of these areas had 
killed both the strawberries and the blueberries. The zones of injured and 
dead plants indicated that the blueberties had about the same degree of 
flood tolerance as the strawberries.—Cyril 0. Bratley, Bureau of Plant In¬ 
dustry, IL 8. Department of Agriculture. 

Field ob&ruafions 0 S an aid in avoiding diseased cotton seed for 
planting .—It hr irgSneitlly accepted fact that cotton seed produced on dis- 
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eased plants, particularly plants infected with boll rots, are inferior to seed 
produced by healthy plants. If this be true, it should be possible to predict 
from field observations whether or not cotton seed produced in certain areas 
should be saved for planting. In the latter part of the season of 1928, the 
lower, or eastern half of the State of South Carolina, experienced an un¬ 
usual amount of rain. Conditions were ideal for the development and dis¬ 
semination of disease organisms. As was expected, these factors brought 
about an abundance of boll rots. Observations in the upper half of the 
State, where better weather prevailed, gave circumstantial evidence that the 
seed produced in the upper part of the State would be quite superior to that 
of the lower part. Germination tests of both upper- and lower-State seed 
were made to determine the planting value of seed from these localities. 

Seeds were germinated in specially constructed germination pans. The 
same amount by weight of sand was placed in the pans and an equal weight 
of water added to each. Two hundred seeds of each sample were tested, the 
seeds being slightly pressed into the moist sand. Germination took place at 
a temperature range of 25° to 30° C. In these tests, all seeds with emerging 
root tip were considered as germinated. 

Twenty-five samples of seed from the lower part of the State and 25 
samples from the upper part were tested for germination. The average 
germination of the entire 25 samples of lower-State seed was 51.68 per cent, 
as compared to a germination of 79.64 per cent in the 25 samples of upper- 
State seed. The difference in the two lots of seed was 27.96 ±: 1.1845. 

Isolations from diseased bolls from several diseased fields gave an abun¬ 
dance of Diplodai gassypina and GlomereUa gassypii. In most instances 
one or more species of Fusariuin were obtained from the diseased material. 
None of these was F. vasin feet uni, but seedlings grown in pots inoculated 
with the various cultures of Fusarium obtained from cotton bolls were con¬ 
siderably stunted in growth, due to root injury. 

Diplodia gossypma was the most common pathogene developing on the 
seed in the germination pans. There was also a considerable amount of 
GlomereUa gossypii, Fusamtm sp., and various kinds of bacteria. None of 
seven morphologically distinct bacterial cultures, isolated from diseased 
bolls, gave evidence of parasitism on seedling cotton. However, many seeds 
which failed to begin growth in the germination pans were completely cov¬ 
ered with a bacterial ooze. The symptoms of these decayed seed were typi¬ 
cally those of a bacterial soft rot. Due to the fact that the writer left the 
experiment station in June, 1929, a detailed study of the organisms was not 
made. 

Limited pathogenic studies indicated that several species of fungi and 
bacteria influence the germination and ultimate development of cotton seed 
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and seedlings, even though some of the organisms may appear saprophytic 
on the mature cotton boll. 

The conditions existing in South Carolina in 1928 may have been un¬ 
usual and may not recur soon. However, similar conditions can be expected 
in certain cotton-growing sections of the South—at least occasionally. The 
opportunity may arise in the future for other workers to make similar ob¬ 
servations that will warrant certain recommendations to the cotton grower 
regarding the source of seed. For that reason the foregoing results are here 
presented.— James M. Wallace, Twin Falls, Idaho. 



BOOK REVIEW 


Hodgman, Charles D., and A. Lange Norbert. Handbook of Chemistry and 
Physics. 14th ed., 1386 pp. Chemical Rubber Publishing Co.: Cleve¬ 
land, Ohio, 1929. Price $5. 

In America the term applied mycology has never been approved as a 
proper appellation for the study of plant diseases, partly because in certain 
industrial connections it transcends the field of plant-disease control, but 
chiefly because plant pathology is so much more varied a science than my¬ 
cology. Though the foundations of all phases of experimental botany are 
laid in chemistry and physics, phytopathology, in its more practical aspects, 
partakes also of the nature of an engineering science, and in this respect 
might be said to stand in about the same relation to plant physiology as in¬ 
dustrial and engineering chemistry do to theoretical chemistry. This is due 
to the fact that so large a part of the service rendered by any applied nat¬ 
ural science is for the purpose of establishing controls and correcting ten¬ 
dencies that have gone wrong. If an authoritative and reasonably complete 
reference book to chemical and physical data is indispensable equipment to 
experimental biologists in general, how much more essential is it for the 
plant pathologist ? 

The series of handbooks of chemistry and physics published by the 
Chemical Rubber Publishing Company has long been recognized by the un¬ 
professional chemists, physicists and mathematicians, who constitute the 
majority of workers in experimental biolog}', as one of their principal sup¬ 
ports in working with the resources and methods of these sciences. The 
latest edition has been expanded in certain directions that make it even more 
useful to the student who is concerned with the measurement of environ¬ 
mental factors and the responses of organisms. In fact, most of the chem¬ 
ical and physical data found in such encyclopedic works as the International 
Critical Tables and Smithsonian Tables that are of concern to the biologist 
and general laboratory worker are collected here. 

Of special note among the subjects the treatment of which is new or com¬ 
pletely revised are the following: A table of indicators, with an explanation 
of the properties thereof and showing the name, source, and pH range; the 
preparation of Clark and Lubs indicator solutions; conversion factors for 
E.M.P. to pH with the standard electrodes; electrolytic and oxidation poten¬ 
tials; properties of dry and saturated air including volume changes with 
temperature and pressure, heat capacity, etc.; similar data for air of vari¬ 
ous percentages of saturation; tables of heat of combustion of organic com¬ 
pounds, gases, and various substances, including coal, wood, and oil; tables 
showing the functions, uses, and compositions of foods; wave-length of prin- 

« 8 » 
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cipal lines in the spectra of the elements; transmission of radiation by dif¬ 
ferent neutral and colored glass; physical constants of resins and gums in 
addition to those of oils, fats, waxes, and inorganic and organic compounds 
generally; interest tables; a synopsis of each of the elements; examples of 
various volumetric reactions with gram equivalents. 

The tabulated data of many other subjects too numerous to mention ap¬ 
pear as in previous editions. Of special interest in the present relation are: 
Preparation and standardization of laboratory reagents, solubility of cane 
sugar, gases, and inorganic compounds in water, cuprous oxide equivalents 
of various sugars, hydrometer and thermometer conversion tables, vapor 
tension of water, psychrometric tables, photometric standards, photographic 
formulae, various weights and measures. An index of over 1000 entries 
affords easy accessibility to the diverse information given.—F. Weiss, Bu¬ 
reau of Plant Industry, U. S. Department of Agriculture, Washington, D. C. 



PHYTOPATHOLOGY 

VOLUME 20 NUMBER 9 

SEPTEMBER, 1930 

A NEW BACTERIAL LEAF DISEASE OF TOBACCO IN THE 

PHILIPPINES 1 

Feliciano M. Clara* 

A bacterial leaf spot of tobacco, resembling wild fire in some respects, 
was observed in December, 1923, in the seed beds and afterwards in the 
field of the Ilagan Tobacco Experiment Station of Isabela. Later, the 
same disease was found in several localities of the Cagayan Valley. The 
spots on seedlings generally are opaque and without the characteristic 
yellow halo of the wild-fire disease. On full-grown plants the yellow zone 
may be found at times associated with some spots. Due to the similarity 
of the disease to w’ild fire, it was at first regarded as such. The result of 
subsequent studies, however, indicated a disease different from wild fire 
and similar but not identical to that reported by Johnson (5) as “Wis¬ 
consin bacterial leaf spot’ 7 caused by Phytomonas mellea (Johnson) Bergey 
et al. Since the disease affects the quality and quantity of the crop pro¬ 
duced, any authentic information about its occurrence, nature, and possible 
suppression will be of some value to growers. 

DISl RIBUTION, ECONOMIC IMPORTANCE, AND LOCAL NAMES 

The writer is not aware of any report of the occurrence of this disease 
in other parts of the world. It probably has been present in the Philip¬ 
pines but has been confused with other leaf spots of tobacco because of the 
names applied to it. The different local names given these diseases can not 
be used to distinguish one from the other. In the Cagayan Valley and the 

i Published in Phytopathology with the permission of the Director of the Philippine 
Bureau of Agriculture. The greater part of this work was done at the Cooperative 
Plant Pathology Laboratory of the Bureau of Agriculture and the Bureau of Science, 
Manila. 

The writer acknowledges the cooperation of Mr. G. Merino, Dr. C. J. Humphrey, 
Dr. N. G. Teodoro, Mr. D. B. Paguirigan, And Mr. F. B. Serrano in obtaining materials 
while conducting this investigation in the Philippines. 

1 1 am particularly grateful to Professor M. F. Barrus and Professor W. H. Burk¬ 
holder, who kindly corrected the manuscript and gave invaluable suggestions, advice, 
and encouragement while completing this work at the Department of Plant Pathology 
at Cornell University. Dr. Burkholder has also given me the privilege of consulting his 
manuscript on the genus Phytomonas, including several important references. 
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Ilocano regions of the northeastern part of Luzon, the commonest local 
terms employed for leaf spots, irrespective of the symptoms and causes, 
are “palatao,” “palatac,” and “batec.” These names have no more sig¬ 
nificance, even locally, than has the term 4 ‘leaf spot.” 

In the Cagayan Valley, the disease was particularly serious in 1925/ 
and similar troubles seem to have occurred previously. It is very evi¬ 
dent, however, that nothing was known about it. Specimens of fresh 
tobacco leaves received from Jaro Iloilo, one of the Visayan Islands, showed 
that the disease was present also in that region. A systematic pathological 
survey probably would show a much wider distribution and give a better 
realization of the role played by the disease in the tobacco industry. 

The damage caused by the disease, independent of the other kinds of 
leaf spots, such as frog eye, wild fire, angular leaf spot, and others, merits 
some attention. The extent of infection on seedlings in the seed beds of 
the Hagan Tobacco Experiment Station during 1925 and 1926 and later 
transmitted to the field caused great concern. Seedlings grown in seed 
fiats, although the soil employed was sterilized with formaldehyde, showed 
from 50 to 90 per cent damage. Presumably, the same trouble occurred in 
the seed beds of individual growers, as there was a great shortage of seed¬ 
lings during that season. When infected plants were set in the field, a 
large percentage of the leaves at harvest showed the effect of the disease. 
Some were rendered nearly useless, while others fell into an inferior and 
cheaper grade. The damage varies according to the use made of the dif¬ 
ferent classes of leaves. Spotted wrapper leaves can not be used for high- 
grade cigars because of their lack of uniformity in color and their poor 
texture. Such leaves can be used only as binders and fillers. But, even 
in such oases or however used, the disease lowers the quality of the product. 
The real effect upon the quality of the crop, in addition to other losses, does 
not receive proper recognition on account of the system of marketing in 
vogue, whereby no discrimination is made by the buyer. This practice 
gives no encouragement to produce a good quality of tobacco which can be 
brought about, other things being normal, through the control of disease. 
As to the actual reduction in the quantity of the crop, no estimate was 
made. There is, however, no doubt that the disease is a limiting factor, as 
shown by its seriousness both in the seed beds and in the fields. 

SYMPTOMS OF THE DISEASE 

In ihj seed beds* Young seedlings when severely infected develop a 
kind of #et-rot similar to bed rot (Fig. 1 , A and B). The young plants 
may thus be wiped out and the condition easily confused with typical 
r /iiseaseB. The presence of opaque or bleached white spots on 
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Piq. 1. A. Natural infections produced by Phytomonas polyoolor, n. sp., on lea> e» 
of tobacdb seedlings. B. Wet-rot form produced by inoculations through needle punc¬ 
tures. 0. Inoculations with bacterial smear without punctures. D. Inoculations with 
bacterial smear through needle punctures. Natural site. 
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the leaves (Fig. 1, C and D) shows that the disease is actually different 
from ordinary damping-off or bed rot associated with such fungi as Pythium 
debarynum Hesse and Sclerotium rolfsii Racb. When infection starts on 
the edge of the leaves, a wet-rot becomes evident (Fig. 1, B). More ap¬ 
parent damage results when the infection occurs on the petioles of the 
leaves and on the stems, as it then rapidly kills the plant. The leaf spots 
vary from the size of a pin head to that of a “centavo,” and there are cases 
where entire leaves are involved. The spots are visible on both sides of 
the leaves and sometimes holes are produced. Wild fire, which may also 
be found on seedlings in the seed beds as well as on older plants in the field, 
may be confused with this bacterial leaf spot, but a closer examination 
of the symptoms and characters of the causal organism readily reveals the 
distinction. 

In the fields. Infection in the field is recognized by the presence of 
spots on the leaves, generally white or opaque, but sometimes brown and 
zonated, about which there is occasionally a narrow yellow halo. These 
spots may be of various sizes and may even coalesce to form larger irreg¬ 
ular ones. The grayish center and the pustules generally present in frog 
eye are absent in these spots except when a secondary organism has de¬ 
veloped there. Young lesions may occasionally possess a yellow halo quite 
similar to wild fire. In such cases it is very difficult to identify one from 
the other by external appearance. The yellow “halo” disappears as the 
leaves mature. The disease is more virulent on the lower than on the 
middle and upper leaves, possibly because of their greater susceptibility 
or to the more favorable conditions for infection proximate to the lower 
part of the plant. The brown spots are not easily seen on cured leaves 
because of the similarity in color to such leaves, but the white ones remain 
conspicuous. 

CAUSE OF THE DISEASE 

Isolation. The causal organism, among a number of other bacteria, was 
first isolated from diseased seedlings in the seed beds of the Ilagan Tobacco 
Experiment Station at Isabela during December, 1925. Hundreds of such 
isolations were made and the different kinds of bacteria obtained in culture 
were numbered and used for preliminary inoculations with the object of 
eliminating all that were not pathogenic to tobacco. Each culture was 
obtained from a single colony Jby employing the usual bacteriological di¬ 
lution procedure in all the isolation wqprk. * One of these cultures, numbered 
116-C31* which showed green fluorescence in broth, was found very patho¬ 
genic^ while tie others did not show any infection at all and were, there* 
fore, discarded. This organism was later repeatedly isolated from freshly 
infected 4epves of full-gtown plants, from badly spotted leaves in the 
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curing sheds of the Experiment Station in 1925 and 1926, and from leaves 
received from Iloilo in 1927. It was obtained also from leaves that had 
been dried between papers and kept in the laboratory for more than a year. 
Some isolations made from seedlings that had developed a wet rot, typical 
of the disease, showed this same organism. These seedlings came from 
seeds that were germinated, without disinfection, on absorbent cotton in 
petri dishes and kept moist with sterile w r ater. This seems to indicate the 
presence of the pathogen on the seeds. 

The material from which isolations were made was first placed in 1-1000 
mercuric chloride for 10 to 20 seconds and then rinsed several times in 
sterile water. It was then dropped in beef bouillon, T 1 Puller’s scale, 
from which dilution plates were prepared the third day. Plating was made 
on potato-dextrose agar, + 1. This gave an abundant growth after 24 hours 
under room condition and proved the best medium for obtaining a sufficient 
supply of inoculum. 

Inoculations. Several inoculation experiments were made on seed¬ 
lings and on plants at various ages up to the flowering stage. These plants 
were all grown on sterilized soil and kept in a building covered with wire 
mesh. Culture 116-C31, on potato-dextrose agar, +1, except in a few cases, 
was used for all of the inoculation experiments. 

Various methods were employed, such as inoculating in punctures made 
with a sterile needle, spraying the host with a bacterial suspension in dis¬ 
tilled water, and direct application of a bacterial smear. 

When inoculations of seedlings were made in punctures and the 
pathogen applied in water-drop suspension, the infection was very rapid 
and frequently developed into a wet rot (Pig. 1. B). Even quicker results 
were obtained when bacterial smear was applied to the punctures with a 
3 mm. platinum-wire loop. The infection was readily noticed after twelve 
hours, especially if the plants were kept under bell jars. Practically all 
parts of the plant—the stem, the petiole of the leaves, the youngest shoots— 
were easily infected, finally resulting in the death of the entire plant. In¬ 
oculation with bacterial smear, with and without punctures, readily showed 
infections (Pig. 1, C and D). The check plants although punctured and 
placed under the same conditions, except the application of the inoculum, 
remained normal. 

On nearly full-grown plants and at other stages, inoculations made by 
applying a smear of the culture to the leaves and locating them where de- 
Bired to facilitate detection of the infection proved to be satisfactory for 
comparative purposes (Pig. 2). 

In all cases, both inoculated and control plants were kept under bell 
jars from 12 to 24 hours. The infection was noticeable on the inoculated 
points on the second day, and the spots were invariably opaque or white. 
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I’M. 4 of inoculations with bacterial smear of Fbftomonas polyoolor, n. sp., 

x applied without injuring the surface, on several parts of the 

leaves^ About 1 natural site. 










1930] 


Claba: Tobacco Disease in the Philippines 


697 


















698 


Phytopathology 


[Vol. 20 


When the same method of inoculation was used under field conditions the 
amount of infection was comparatively less and showed up more slowly, 
obviously because of the less favorable environmental factors. What these 
favorable factors are, however, is not well understood. 

Several inoculations made by spraying the suscept with a water sus¬ 
pension of the bacteria gave a few positive results. When cultures in beef 
bouillon were used as inoculum comparatively few infections were obtained. 

A difference was observed in the appearance of the spots produced by 
the application of a bacterial smear to punctures and those obtained by the 
application of the smear to the uninjured surface. The disease was readily 
produced by both methods, but when the smear was applied to the punctures 
the resulting spot occasionally developed a yellow halo around the lesion. 
This halo was especially noticeable during the early stage of the infection, 
but disappeared with age, when the spots became white or sometimes 
brown. When the latter method was employed the spots were invariably 
opaque. Table 1 summarizes the results of these inoculations. 

A very marked difference in susceptibility among the lower, middle, 
and upper leaves can be noticed. The lower leaves are the most suscep¬ 
tible, showing in some cases 100 per cent infection; the middle ones ranked 
second; and the youngest were more rarely infected. Leaves that have 
been allowed to become mature or overmature are readily infected. 
Nearly all parts were used for inoculation, but the infection showed much 
more readily when the inoculations were made between the leaf veins. 
When the inoculum was placed exactly on the veins, the infection appeared 
in some cases at both sides, as if the pathogen were unable to infect the 
veins directly. In other cases, spots developed as on other points on the 
leaves. 

EVIDENCES OP VARIETAL SUSCEPTIBILITY 

An examination of the results of the inoculations shows a different de¬ 
gree of infection on each of the four varieties of tobacco employed in the 
study. Considering only the upper and lower leaf infections, it can be 
seen that the Tall Zimmer and N. T. Havanensis showed an average of 33.5 
per cent and 37.5 per cent, respectively, while Baker Sumatra showed 61.40 
per cent and P. I. 9352 S. P. No. 8 showed 73.75 per cent. The two latter 
varieties kad about twice the percentage of infection as the two former ones. 
The varietal differences in leaf texture may be correlated with degrees of 
susceptibility. The Sumatra varieties are wrapper types and possess 
comparatively thinner leaves than the other varieties when grown under 
vuitaMe condition. Further studies along this line are, however, necessary 
before a demke eondujon can he made. 
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Fig. 3. A. Streak culture on potato-dextrose agar showing the Aliform growth 
widening at the bottom. B. Submerged and surface colonies on potato-dextroee agar. 
Natural sise. C. Bacteria, single and in chains, stained with carbol fuehsin. x 1560. 
D. Bacteria showing flagella, stained with Plimmer and Paine’s stain, x 1560. 











700 


Phytopathology 


[Vol. 20 


THE PATHOGEN 

Morphology . The organism is a motile rod with rounded ends; single 
or in pairs; mono- or lophotrichous (Fig. 3, D). Measurements of stained 
mounts obtained from 24-hour-old culture on potato-dextrose agar, 4-1, 
ranged from 1.19 to 4.12 |j in length by 1.06 to 1.33 (j in width. The aver¬ 
age size is 2.68 by 1.27 jj. The organism is easily stained with carbol 
fuchsin, methylene blue, aniline gentian violet, and aqueous gentian violet. 
Plimmer and Paine’s stain (6) for flagella gives very good results with 
27-hour-old cultures on potato-dextrose agar, +1, at temperatures 18° to 20° 
C. One to two flagella, usually one, are observed. They are spiral-like 
and about two to three times longer than the body of the organism (Fig. 3, 
C and D). The organism is gram-negative and is not acid-fast. 

Cultural characteristics. — Potato-glucose agar, +1. The organism 
grows rapidly on this medium. In poured plates the colonies appear on 
the second day. They are colorless at first, but begin to turn yellow on 
the third day. In shape they are convex, glistening, with entire margin. 
Submerged colonies are lenticular and small (Fig. 3, B). On long stand¬ 
ing, surface colonies become olive brown. Streak cultures are grayish 
white to Primuline Yellow 3 at room temperatures, 25° to 30° C. (Fig. 3, 
A). A yellowish growth is produced at the bottom of some of the cultures. 
Some of these yellow growths on more than year-old cultures were still 
viable and pathogenic, while others four months old did not grow at all. 
Why there was such a difference is not well understood and no attempt 
was made to study the underlying causes. 

In the course of continuous culturing of the organism, 116-C31, three 
variants developed in some of the stock cultures on potato-glucose agar, 
and on potato plugs more than a year old. At first it was thought that 
these seemingly extraneous growths of the cultures were contaminations. 
Subsequent morphological, physiological, and biological studies, however, 
showed that none of them fell under this category. The first, type 116g- 
C31, is characterized by a bluish green color which may or may not be 
imparted to the medium.* Colonies develop green granular pigments at the 
center in three days under room condition. The green color disappears 
with age and some yellowish growth develops on the surface. The culture, 
however, remains viable for a long time* The second subtype (116p-C31) 
is characterised by the production of pink lavender turning to purple with 
age on lead-aeetete agar. The third subfype, labeled 116w-C31, is a rapid¬ 
growing, grayish white organism having a filiform growth on a slant of 
potato-dextrose agar, 4* 1, and living only for a short time. 

eoW aamss bsgtoiag with totals are those of Bidgway’s Color Standards 
and N omwUtar t. Washington, lips. 
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Any of these subtypes were readily obtained from colonies either from 
the yellow type (cul. 116-C31), from the subtype colony with green cen¬ 
ters (116g-C31), or from subtype pink lavender colony (116p-C31) on 
poured plates of suitable media. Although no extensive detailed study of 
this behavior of the organism other than on solid media, broth, and sugar 
solutions was made, a certain degree of biological and physiological differ¬ 
ences was noted. The subtype 116g-C31, for instance, seemed to remain 
viable longer in culture under ordinary room conditions than all other 
cultures. Some variability in the virulence of the subtypes has also been 
observed. The w T bole phenomenon finds explanation in bacterial dissocia¬ 
tion so ably discussed by Hadley (3). 

Beef-peptone agar. Growth along the streak, flat filiform, slightly 
widening at the bottom, smooth, glistening, fluorescent on the third day 
but becoming nonfluorescent within seven days, the medium becoming Mar¬ 
guerite Yellow. 

Glycerine agar. On this medium a profuse filiform growth, grayish 
white, smooth, and glistening is produced. An Opaline Green color is pro¬ 
duced and imparted to the medium. On long standing the medium be¬ 
comes greenish brown and a Sulphur Yellow filiform growth on the surface 
is produced. The organism remains viable on this medium for some time. 

Potato cylinder. The growth spreads out, at first yellow glistening and 
becoming sepia brown. The organism lives long on this medium. Five 
months and fourteen days under room temperatures showed viable trans¬ 
fers on potato-glucose agar. 

Potato-agar slant. A rather poor, colorless to grayish white, filiform, 
and slightly raised growth develops after the lapse of one day. 

Beef bouillon J 1. Growth is very noticeable after 16 hours but is con¬ 
fined to a few centimeters near the surface, indicating strong aerobism. A 
fragile, flaky pellicle is present on the surface. Green fluorscence appears 
in the turbid region. On older cultures a white precipitate settles to the 
bottom. 

Gelatine stab . At 18° to 20° 0. no liquefaction is observed until the 
fourth day; at first crateriforin, becoming stratiform on the sixth day; 
the medium completely liquefies in one to four weeks. At 7° to 9° C., 
liquefaction is very slow. Under this condition no liquefaction appears 
until after 23 days. The medium becomes completely liquefied and a 
whitish-gray precipitate within 3 months settles to the bottom. 

Loeffler's blood serum. A sunken furrow-like, filiform growth is very 
noticeable after 16 hours. Frequently the medium cracks and liquefaction 
starts on the third day, when a distinct disintegration is noticed, generally 
accompanied by the breaking down of about two-thirds of the slant. 
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Litmus milk. Apparent change is observed on the third day when a 
creamy-white to yellow ring is formed around the glass about the surface 
of the liquid. The liquid becomes Cinnamon Buff, indicating a gradual 
reduction of litmus starting from the upper portion and continuing grad¬ 
ually towards the bottom. Beduction is complete in twenty-six days and 
various color changes occur during the process. Neither curdling nor 
peptonization is produced but a colorless deposit settles to the bottom. 
The medium became alkaline. 

Starch. Starch is not digested. 

Beef-agar slant. Growth scanty and noticeable after 16 hours. Gray¬ 
ish white at first, later turning yellow; much less profuse than on potato- 
dextrose agar and on potato plug. 

Indol. No indol is produced on tryptophane broth. Erlich-Bohme 
technic (7) was employed in the test. 

Nitrite in nitrate-peptone broth. Nitrate was reduced to nitrite in 
nitrate-peptone broth (Merck’s nitrite-free reagent). Harper’s prenol- 
disulphonic-acid method (4) for nitrite detection was employed. Jolmson 
did not obtain nitrate reduction with Phytomonas mellea. 

Litmus-sugar agars. Glycerine, glucose, lactose, and saccharose agars 
were used. No litmus reduction was obtained by Johnson (5) in any of 
these sugars with Ph. mellea, while, with the Philippine bacterium, litmus 
is reduced in glucose agar four days after inoculation. The medium be¬ 
comes Ox Blood Red from the upper portion, extending gradually towards 
the bottom. In glycerine, lactose, and saccharose, acid is not produced. 

Fermentation. The use of Dunham’s 2 per cent peptone water resulted 
in the production of no gas on 1 per cent solutions of the following carbo¬ 
hydrates: xylose, arabinose, levulose, mannose, galactose, glucose, lactose, 
maltose, saccharose, raffinose, rhamnose, inulin, glycerine, mannite, sorbite, 
dulcite, inocite, dextrin, salicin, amygdalin, and adonite. For the detection 
of acid formation, Andrade’s indicator was employed. Strong clouding, 
denoting the growth of the organism, is observed in all cultures 16 hours 
after inoculation. Clouding invariably appears near the surface of the 
liquid associated with various shades of fluorescence. Acid formation is 
noted in xylose, arabinose, glucose, and mannose. 

Hydrogen sulphide. Cultures on basic lead-acetate agar show the 
production of hydrogen sulphide. 

Physiological reaction—Temperature natations. At temperatures 7° to 
9* C. .the organism grows very slowly, at 20° to 24° the growth is mod¬ 
erately profuse, and at 37° to 89° the growth is most profuse, being 8 mm. 
wide at the bottom in lb hours, hot no viable transfers were obtained after 
a short time.' Gr%y ®pat« appear cfc the strokes and no pigmentation. 
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Johnson (5) did not obtain any growth with Phytomonas mellea at 35° to 
36° C. 

Resistance to desiccation. Drops of beef-bouilion culture placed on 
sterilized cover glasses kept in sterilized petri dishes are still viable after 
six days but show no growth after 12 days. 

Viability and virulence. The organism grows well on potato-glucose 
agar, + 1, and remains alive for a long time. Viable transfers are obtained 
from some cultures more than one year old. Potato plugs and glycerine 
agar maintain equally well the viability of the organism with no sign of 
loss of virulence. 

Nomenclature. A comparison of this organism with all other known 
bacteria causing disease of tobacco and of the symptoms produced show's 
that it resembles Phytomonas mellea more than any of the others. No com¬ 
parative study of the two organisms was made, as no culture of Ph. mellea 
could be obtained. But a comparison of the characteristics of the Philip¬ 
pine organism with those of Ph. mellea as described by Johnson (5) 
presents very significant divergences which would not logically place the 
Philippine bacterium in the same species. The symptoms produced, the 
morphology of the organism, reaction in carbon media, reduction of nitrate 
into nitrite, and action upon milk and starch are very different from 
those of Ph. mellea. 


TABLE 2 .—Characteristic differences between Phytomonas mellea and the 
Philippine organism 


Phytomonas mellea 

1. Brown 4 4 rust ’ * is produced 

2. Chlorotic halo frequently present 

3. Average size of bacterium, 1.8 by 

0.6 n 

4. One to seven polar flagella 

5. Growth on potato-dextrose agar, 

Honey Yellow to deep orange 

6. On potato cylinder, growth brownish 

yellow 

7. Starch digested 

8. Litmus milk becomes alkaline, coagu¬ 

lated, and slowly peptonized 

9. Nitrate in nitrate broth, no reduction 

into nitrite 

10. No acid formed in glucose, lactose, 
and saccharose broth 


Philippine organism 

1. White spot is produced 

2. Chlorotic halo very rarely present 

3. Average size of organism, 2.68 bv 

1.27 n 

4. One to three polar flagella 

5. Growth on potato-dextrose agar, 

Priiuuline Yellow, fluorescent 

6. On potato cylinder, growth yellowish 

to sepia brown; bluish green color 
exhibited at 20° to 22° C. 

7. Starch not digested 

8. Litmus milk rendered alkaline but not 

curdled nor peptonixed 

9. Nitrate in nitrate-peptone broth re¬ 

duced into nitrite 

10. Acid formed in glucose, mannose, 
xylose, and arabinoee but not in 
lactose and saccharose; fluorescence 
exhibited 


According to Johnson (5), the species tneUea is so named because of the 
development of a honey color in culture. It peptonizes milk, digests starch, 
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and does not reduce nitrate. The Philippine bacterium does not peptonize 
milk nor digest starch. It reduces nitrate to nitrites and produces a char¬ 
acteristic green fluorescence of various shades in nearly all cultures, par¬ 
ticularly in carbon and broth media. Colonies with green centers also are 
produced. This suggests at once that the organism belongs to the fluores¬ 
cent group, the plant pathogens of which Bergey et al. (1) include in the 
genus Phytomonas. Burkholder (2), however, in “The Qenus Phyto- 
monas,” allocates this group to the genus Pseudomonas Migula to include 
all distinctly green fluorescent bacteria, based upon their logical and sig¬ 
nificant natural relationship. 

Among this group of bacterial pathogens the species that approach 
it in similarity, although distinctly not identical to it, are Phytomonas 
Tolacbsi (Paine) Bergey et al., parasitic on cultivated mushrooms, Ph. bow - 
lesia Lewis and Weston, parasitic on Bowlesia septentrionalis; Ph. mar - 
tyniae (Elliott) Bergey et al., parasitic on Martynia louisiana; and Ph. 
marginalis (Brown) Bergey et al., parasitic on lettuce. All these species, 
however, differ from the one studied in their ability to curdle and peptonize 
milk. The latter two differ also by fermenting sucrose. Ph. marginalis 
differs further in its inability to produce hydrogen sulphide. There may 
be other species in the group which present more or less similarity to the 
Philippine organism, but this could not be ascertained because of the 
present uncertainty or absence of knowledge of their physiological char¬ 
acters. Another very distinctive characteristic of the organism is its 
ability to produce intensely green pigments on glycerine agar and a pink 
lavender color, which turns purple, on lead acetate agar. However, some 
cultures on lead acetate agar behave as on glycerine agar. 

It is thus very clear that the organism can not be identified with any 
of the previously described members of the green fluorescent group nor 
with any other known bacterial plant pathogen. 

TECHNICAL DESCRIPTION 

Phytomonas polycolor, n. sp. 4 Rod-shape type with rounded ends; 
occurring singly in chains and in pairs; average size 2.68 by 1.27 g; motile 
by mono- or lophotrichous, one to three flagella but generally one, about two 
to three times longer than the body; no spores nor capsules were observed; 
gram-negative and not acid-fast; readily stained with carbol fuchsin, 
methylene blue, aniline gentian violet, and aqueous gentian violet; a facul¬ 
tative anaerobe and markedly fluorescent. 

* 

* Bergey et al limited the generic name Pseudomonas Migula to the nonphyto- 
thogenic. fluorescent bacteria. However, if the term is applied to all green fluorescent 
bacteria, as proposed by Burkholder (2)! the name of this organism should be Psesdo- 
nonas pofycolor, fc. 4 
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Agar colonies, convex with entire transparent peripheral margin; col¬ 
onies producing green centers develop from old cultures; submerged 
colonies, small and lenticular; streak growth on potato-glucose agar, abun¬ 
dant, raised, widening at the bottom, glistening, smooth and slightly viscid; 
green fluorescence in some cultures; in nutrient broth, heavy clouding with 
fluorescence starts from the top, producing delicate flaky membranes; on 
potato plug, growth spreading, yellowish, becoming sepia brown with age; 
litmus milk is reduced and rendered alkaline but does not curdle nor pep¬ 
tonize milk; starch is not digested; xylose, arabinose, glucose, and mannose 
are fermented, producing acid reaction but no gas formation; in other solu¬ 
tions, such as lactose, saccharose, and other sugars used, no fermentation; 
gelatine and Loeffler’s blood serum, liquefied; nitrate reduced to nitrites; 
no indol production; produces hydrogen sulphide on basic lead acetate 
agar; optimum temperature, within 25° to 30° C., maximum temperature, 
37° to 39° C. The organism is pathogenic on tobacco, Xicotiana tabacum L. 

CONTROL MEASURES 

Seedling infections have always been observed to be carried to the field. 
Attempts to show seed-borne infection were made by collecting and plant¬ 
ing seeds from badly infected plants showing lesions on the capsules. Some 
of these seeds were planted under bell jars and others under ordinary 
condition. The disease appeared on the seedlings under both conditions. 
The organism obtained from these plants was as pathogenic as the original 
stock culture. Because of this evidence, seed-disinfection tests with silver 
nitrate, 1-1000, and mercuric chloride, 1-1000, in separate treatments for 
10 to 15 minutes, were made as recommended in the case of other bacterial 
leaf diseases, t.e., wild fire and angular leaf spot. The seeds were rinsed 
carefully several times with distilled water and dried in the room before 
sowing. These tests w ? ere tried out during two successive years, 1925 and 
1926. The former disinfectant gave more encouraging results both in the 
reduction of the disease and less untoward effects upon the rate of germi¬ 
nation. It seems, from the results obtained thus far, that silver nitrate 
would be more suitable than mercuric chloride for tobacco-seed disinfection 
under Philippine conditions. 

SUMMARY 

1. A new bacterial leaf disease of tobacco, characterized by white or 
opaque spots, has been under observation in the Cagayan Valley and on 
specimens received from Iloilo during a period of more than two years. 

2. The nature of the damage is a reduction in the quality and quantity 
of the crop produced. Seedlings may also be destroyed entirely or ren- 
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dered unsuitable for transplanting. The exact extent of losses and the 
distribution of the disease are not well known. 

3. The causal organism of the disease is a bacterium hitherto unknown 
and is named Phytomonas polycolor, n. sp. A description of the organism 
is given. 

4. Artificial inoculations have conclusively shown the pathogenicity of 
the organism and the reproduction of a disease identical to that found in 
nature. 

5. The damage from the disease seems to be reduced by seed disinfection 
with silver nitrate, 1-1000, for 10 to 15 minutes. This method serves to 
destroy other seed-borne organisms, i.e., those causing wild fire and angular 
leaf spot. 

Cooperative Plant Pathology, 

Bureaus op Agriculture and Science, 

Manila, P. I. 
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INHERITANCE OF IMMUNITY FROM FLAX RUST' 

A.W. Henry* 

INTRODUCTION 

The inheritance of many of the morphological characters of the flax 
plant has been carefully treated by Tammes (7), Davin and Searle (2), 
and others. Few studies, however, have been reported on the genetics of 
disease resistance in flax. Tisdale (8) investigated wilt caused by Fusa- 
rium lini Bolley and concluded that resistance to this disease was deter¬ 
mined by multiple factors. 

Results are presented in the present paper of studies on the inheritance * 
of immunity from flax rust, caused by Melampsora lini var. liniperda 
(Pers.) Lev., made during the years 1923 to 1926. A brief report is also 
given of progress made during this period in breeding improved rust-im¬ 
mune varieties of seed and fiber flax. 

Most of the varieties now grown in North America are susceptible to 
rust. Some of the wilt-resistant seed flaxes now in use are very susceptible 
to rust. Since this disease occasionally causes losses as high as ten per cent 
in yield of seed, it is desirable that new varieties should be immune from 
rust as well as resistant to wilt. Rust also has been introduced into the 
fiber-flax centers of North America. The disease is especially important to < 
fiber-flax production since the stems may be rendered worthless for fiber 
purposes if severely attacked. The introduction of immune varieties would 
remove this danger. Having found several varieties of seed flax which are 
immune from rust (4), it was thought possible to transfer this quality into 
taller varieties suitable for fiber purposes. 

PARENTAL MATERIAL 

The following rust-immune parents were used in these studies: Argen¬ 
tine selection, Ottawa 770B, and Bombay. Several immune parents were 
used, as each possessed certain valuable characters in addition to immunity 
from rust. Moreover, owing to the possibility of forms of rust becoming 
prevalent that would attack one of these varieties, it was thought advisable 
to use several immune parents in the crosses. 

1 Contribution from the Department of Plant Pathology, Minnesota Agricultural 
Experiment Station, St Paul, Minn. Cooperative investigations between the Minnesota 
Agricultural Experiment Station and the offices of Cereal Crops and Diseases and Fiber 
Plants of the XT. 8. Department of Agriculture. 

* Formerly Amistant Plant Pathologist of the Minnesota Agricultural Experiment 
Station and Agent, U. 6. Department of Agriculture; now Assoc. Prof, of Plant Path- 
ology, University of Alberta, Edmonton, Canada. 
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All three varieties have been thoroughly tested with different collections 
of flax rust and have remained immune in all tests made by the writer and 
in all tests known to him. A few susceptible plants have been found in 
Argentine selection and Bombay, but these quite evidently were mechani¬ 
cal mixtures or the result of natural crossing, as the bulk of the plants 
proved immune. Tests have been made with several American collections 
of flax rust from both the United States and Canada, as has been previously 
reported (3). Argentine selection and Ottawa 770B, together with several 
susceptible varieties, such as Winona and Saginaw, have been tested by 
Hiratsuka (6) in Japan, with the same results as ours. Argentine selection 
and Ottawa 770B were also immune from the Japanese forms of this rust. 
During the summer of 1927, while in Europe, the writer inoculated these 
three varieties with a collection of flax rust kindly supplied by Dr. Tine 
Tammes from her flax-breeding garden at the University of Groningen, 
Groningen, The Netherlands, and all three remained immune. Their choice 
as parents from the standpoint of their reaction to rust seems, therefore, to 
have been a fortunate one. 

The above parents were obtained originally from the following sources: 
Argentine selection, from commercial Argentine flax obtained from the 
Pittsburgh Plate Glass Company of Red Wing, Minnesota, and the original 
selections made by Dr. H. D. Barker, formerly of the Minnesota Agricul¬ 
tural Experiment Station and U. S. Department of Agriculture; Ottawa 
770B, from Mr. R. L. Davis, formerly in charge of fiber-flax breeding for 
the U. S. Department of Agriculture at East Lansing, Michigan, who had 
previously received it from the Dominion of Canada Department of Agri¬ 
culture; and Bombay C. I. 42, kindly provided by J. C. Brinsmade, Jr., of 
the Northern Great Plains Field Station of the U. S. Department of Agri¬ 
culture at Mandan, North Dakota. 

Argentine selection, in addition to being immune from rust, is also 
highly wilt-resistant. This has been shown by several years tests on “sick” 
soil at University Farm, St. Paul. It is a large, brown-seed, late-maturing 
type of medium height, with large blue flowers. The stems, however, are 
too short and coarse and branch too freely to be of value for fiber purposes. 
Numerous selections of this type of flax, obtained from different commer¬ 
cial lots of Argentine flax, have thus far been immune from rust (3). 

Ottawa 770B is a medium-size, yetfo^-seed variety with small white 
crimpled flowers. It matures toe latf anct yields too little seed to be used 
as a seed flax.. Although somewhat taller than Argentine selection, it is not 
tall enough nor fine enough in the stem to make a good fiber variety* Bom¬ 
bay's! a^j^um-sia^ brown*$ed variety having small blue flowers. It is 
a short, e$^-nmturitjp type. It is too short* however, to become of impor- 
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tance as a seed flax in the seed-flax areas of the United States and is nat¬ 
urally also unsuitable as a fiber variety. 

The susceptible varieties chiefly used in these studies were Saginaw and 
Winona. Saginaw is a very tall variety of fiber flax developed by the 
Office of Fiber Plants of the U. S. Department of Agriculture. It has small 
brown seeds, small bolls, and small blue flowers. It has long, fine stems 
but produces very little seed. It is quite susceptible to rust, though 
it usually does not develop as heavy infections in the later stages as does 
Winona. In maturity it is relatively early for so tall a variety. Winona 
is a medium-early variety of seed flax developed at the University of Min¬ 
nesota by the Departments of Plant Pathology and Plant Breeding. It was 
selected particularly for its excellence in wilt resistance, from Blue Dutch 
Minn. 175 (1). It has small, brown seed and small, dark blue flowers. 
Though one of the best wilt-resistant seed flaxes, it is very susceptible to 
rust. Tmo other varieties of seed flax similar to Winona, namely, Blue 
Blossom Dutch and Chippewa, were used as parents in some of the crosses. 
The former Mas obtained from the V. S. Department of Agriculture, while 
the latter is another wilt-resistant selection produced by the Minnesota 
Agricultural Experiment Station, being a selection from Primost, Minn. 
2o (1). 

METHOD* 

Most of the crosses Mere made in the field at University Farm, St. Paul, 
Minnesota, during the summer of 1923.* For the most part, the emascu- \ 
lated flowers M’ere pollinated immediately and covered with cigarette tubes * 
fastened with small paper clips and placed close to the flower pedicels and 
parallel to them. 

Argentine selection Mas crossed with Saginaw, Winona, and ChippeM'a, 
but the inheritance of immunity from rust Mas not studied in detail in the 
crosses with the two latter varieties. In most of the Argentine selection by 
Saginaw crosses, Argentine selection Mas used as the female parent, sincet 
it sets seed better than Saginaw and since its large flowers are easier to 
manipulate. However, the reciprocal cross also was made. Ottaw r a 770B, 
as the male parent, was crossed with Saginaw and Winona. Bombay was 
used as the male parent in crosses Mnth Winona, Blue Blossom Dutch, and 
Saginaw. Detailed inheritance studies Mere made only on the first two of 
these crosses. Some of the data were obtained from greenhouse inocula¬ 
tions; for instance, the of the Argentine selection by Saginaw crosses. 
This was grown in the greenhouse during the winter of 1923-24. Artificial 

8 A few crosses were made by H. D. Barker in the greenhouse in the winter of 1922- 
23 between Argentine selection and Saginaw. Five hybrid seeds were obtained from 
these crosses. 
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light was used at night in order to hasten the maturity of the plants. They 
| were first inoculated with rust in the seedling stage by applying uredinio- 
* spores to the cotyledons and leaves by means of a flat inoculating needle. 
They were inoculated a second and a third time by spraying with a suspen¬ 
sion of urediniospores in water as well as by dusting with dry urediniospores 
from infected plants. Part of the P 2 of this cross as well as plants from 
a back-cross of the F x on Saginaw were also inoculated in the greenhouse 
and treated in a manner similar to that employed with the Fj. Parental 
plants also were inoculated to serve as checks with each set of inoculations. 

Data on the rust reaction of the remainder of the P 2 and of the F, of 
I the Saginaw x Argentine-selection cross, together with all generations of the 
crosses in which Bombay and Ottawa 770B were the immune parents, were 
obtained in the field. The rust nurseries where this material was tested 
were sown on peat soil at Coon Creek, Anoka County, and Clearspring, 
Hennepin County, Minnesota. 4 

f It was found advisable to use the peat bogs for these nurseries, since 
epiphytotics were readily obtained there each year, whereas on higher land 
they could not always be obtained with certainty. The nurseries were arti¬ 
ficially inoculated in order to insure early and uniformly heavy infections. 
The variety Winona, especially susceptible to rust, was largely grown for 
borders and intervening rows in the nurseries on which to increase the rust. 
Plants heavily infected with urediniospores were brought from the green¬ 
house, and the rust was dusted or sprayed on the plants in the field until 
a uniform epiphytotic was obtained. Old teliospore-bearing straw also was 
spread over the nurseries in the spring or early summer in some cases. 

1 RITST REACTION OF THE F t 

1 F 1 plants of all crosses were inoculated with rust either in the field or 
in the greenhouse. The result was the same in every test. The F, plants 
were all immune, like their immune parents Argentine selection, Ottawa 
770B, and Bombay. The susceptible parents inoculated at the same time 
were invariably infected. Immunity from rust in these crosses evidently 
is completely dominant over susceptibility. 

SEGREGATION IN THE F a 

The F a plants were classified into two categories with respect to rust 
reaction, namely, immune and susceptible. Those showing no trace of rust 
were piaced in the immune class, while those that developed rust pustules 
were classed as susceptible. 

4 Thants are das'to the Division at Soils, University of Minnssota, for providing 
the land fit jpooi^ Creek^and to ths.&vision of Agricultural Engineering, University of 
Minnesota, for that at UtearspAag^ for these experiments. 
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The results of inoculating the F 2 plants of the Argentine selection x 
Saginaw cross and its reciprocal are given in table 1. 


TABLE 1 .—Bust reaction of the F, of the Argentine selection x Saginaw and Saginaw 

x Argentine selection crosses 


Cross 

Place tested 

Number of plants 
observed 

Number of plants 

Deviation 

P. E. 

Immune 

Susceptible 

Immune 

Susceptible 

A x 8 

Greenhouse 

209 

17 

211.875 

14.125 

1.17 

A x 8 

Field 

319 

19 

316.875 

21.125 

0.71 

8x A 

Greenhouse 

107 

9 

108.750 

7.250 

0.99 

Total 

Greenhouse and 







field 

635 

45 

637.500 

42.500 

0.59 


• Assuming a segregation of 15 immune plants to 1 susceptible plant. 


Assuming a 15:1 segregation, the deviation of the observed from the 
expected is in no case greater than might occur from chance alone. It will 
be noted that the results were the same when Argentine selection was used 
as the male parent as when employed as the female parent. 

In those crosses in which Ottawa 7T0B was used as the immune parent, 
notes were taken on the flower color of the F 2 plants as well as on their 
rust reaction, since Ottawa 770B has white flowers while the susceptible 
parents have blue flowers. The F 2 results of the Saginaw x Ottawa 770B 
are shown in table 2. It will be noted that the observed numbers fit a dihy¬ 
brid ratio very well. The inheritance of rust reaction in this cross is evi¬ 
dently simpler than in the previous cross. Immunity from rust here is 


TABLE 2 .—Segregation for rust reaction and flower color of the F, of the Saginaw 

x Ottawa 77OB cross 


Cross 

Number of blue-blos¬ 
som plants 

Number of white-blos¬ 
som plants 


Immune 

Susceptible 

Immune 

Susceptible 

Saginaw x Ottawa 770B observed 
* 4 44 44 expected 

441 

145 

1 142 

40 

9:3:3:1 

432 

144 

144 

48 


= 1.556 p = 0.6741 


apparently determined by a single factor, as is also flower color. Bust re¬ 
action and flower color in this cross evidently are inherited independently 
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of each other. All white-flower segregates invariably bore yellow seed and 
crimpled petals, like Ottawa 770B. There is a deficiency in numbers of 
white plants. As might be expected, this is more pronounced when the 
numbers are based on the P 3 families. Results for the Winona x Ottawa 
770B cross are given in table 3. Tammes (7) obtained comparable results 
in studying the inheritance of flower color in similar crosses. She attrib¬ 
utes her results to a factor C\ “this factor having a semi-lethal effect in the 
absence of B lf which renders the combination of gametes white with white 
less viable. In consequence of this there arise capsules as compared with 
other genotypes averaging fewer seeds, whilst the seed formed has less 
germinative power. *' 

TABLE 3.— Segregation for rust reaction and flower color in the F, of the Winona x 
Ottawa 770B cross, based on the behavior of the F, families 


Cross 

Number of blue-blossom 
plants 

Number of white blos¬ 
som plants 


Immune 

Susceptible 

Immune 

Susceptible 

Winona x Ottawa 770B observed 
** “ ** expected 

182 

53 

36 

n 

9:3:3:1 

138.625 

52.875 

32.873 ! 

1 

17.625 


x> = 11.32 p = 0.0112 


In the above table all families showing segregation for rust reaction were 
considered to have come from heterozygous F 2 plants and are therefore 
classed in the immune phenotype of that generation. All families showing 
segregation for flower color are classed as blue for a similar reason. Due 
largely to the deficiency of white plants, the deviation of the observed ratio 
from the theoretical is of the magnitude shown. Such a deviation could be 
attributed to chance only about once in a hundred times. The segregation 
for rust reaction alone is in good agreement with an expected 3:1 ratio, 
there being 218 plants classified as immune and 64 as susceptible, a devia¬ 
tion from the expected of 1.33 times the probable error. The immune 
variety Bombay was crossed with the susceptible varieties Saginaw, 
'Winona, and Blue Blossom Dutch. The results of the Saginaw crosses are 
not reported here, as the numbers were too small to be conclusive, though 
the segregation appeared to be similar to that of the other crosses. The 
segregation for rust reaction in the I 1 , of these crosses is shown in table 4. 

The two susceptible parents in these crosses are very similar. They 
were botlj heavily infected with rust, as were also the susceptible segregates 
the F t .' The latter stood dtgt very sharply from the immune plants and 
could resdfly'be d^ptingnithed at a distance by the abundance of rust on 
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TABLE 4.— Bust reaction of the F z of Wmona y Bombay and Blue Blossom Dutch x 

Bombay 


Cross 

Number of plants 
observed 

Number of plants 
expected j 

Deviation 
P. E. 

Immune 

Susceptible 

Immune 

Susceptible 

Winona x Bombay 

474 

153 

470.25 

156.75 

0.51 

Blue Blossom Dutch x 






Bombay 

251 

92 

257.25 

85.75 

1.15 


them. The Winona plants and the susceptible segregates of the Winona x 
Bombay cross were most heavily rusted, so severely, in fact, that a consid¬ 
erable number of the susceptible segregates were killed before they had 
formed seed. The ratios of the immune to susceptible plants in both crosses 
are in close agreement with a 3:1 expectation. 

Back Cross. The F 1 of the Saginaw x Argentine cross was back-crossed 
on Saginaw, the susceptible parent. These crosses were made in the green¬ 
house and the seedlings from the crossed seed were inoculated with rust 
three times. At the same time F 2 seedlings, derived from seed of these same 
Fj plants used in the back crosses, were inoculated in a similar manner and 
under the same conditions. The results are shown in table 5. 

TABLE 5.— Bust reaction of Saginaw x (Saginaw v Argentine) selection seedlings com - 
pared with that of F, seedlings of the Saginaw * Argentine selection cross 


Cross 

1 Number of plants observed 

Number of plants expected 

Deviation 

Immune 

Susceptible 

Immune 

Susceptible 

P.E. 

S v. (8 a A) 

51 

18 

51.75(3) 

17.25(1) ! 

0.31 

S A A 

107 

9 

308.75(15) 

7.25(1) J 
j 

0.99 


It will be seen that the segregation of the back-cross seedlings for rust 
reaction fits a 3:1 expectation very well, while the segregation of the F 2 
seedlings under the same conditions is in good agreement with a 15:1 ex¬ 
pectation. These results therefore support the hypothesis that there are 
two duplicate factors determining rust reaction in this cross. 

RUST REACTION OP THE P 3 

F 3 families of the Argentine selection x Saginaw cross were tested in the 
field. Aftfmirnng that rust reaction in this cross is determined by two 
duplicate factors, a ratio of 7:8:1 would be expected in the F s . Seven 
out of 16 families should breed true for immunity from rust, 8 families 
should segregate, 4 in a ratio of 3 immune plants to 1 susceptible, and 4 in 
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a ratio of 15 immune plants to 1 susceptible plant, and 1 family out of 16 
should breed true for susceptibility to rust Among the segregating fami¬ 
lies observed there were some which were clearly segregating in a 3:1 ratio 
and others which were clearly segregating in a 15:1 ratio. Several of 
these families contained between 50 and 100 plants. There were other 
families containing fewer plants in which the ratio of immune to susceptible 
plants was such that they could not be definitely assigned to either the 3:1 
or the 15:1 group. Consequently, in table 6 all of the segregating families 


TABLE 6 .—Rust reaction of F, families of the Argentine selection x Saginaw cross 



Number of families 
breeding true for 
immunity 

Number of segre¬ 
gating families 

Number of families 
breeding true for 
susceptibility 

Observed 

98 

88 

13 

Expected (7: 8: 1) 

87.1 

99.5 

12.4 

x* — 

2.73 

p = 0.2622 



are placed in one class. The chances that such a deviation from the ex¬ 
pected as is shown in table 6 is merely due to random sampling are about 
one in four. The immune class is larger and the segregating class smaller 
than expected. It is quite probable that several of the families placed in 
the immune class should go in the segregating class. For instance, in a 
small family segregating in a ratio of 15 immune to 1 susceptible the sus¬ 
ceptible plants might be overlooked, as the infections were often confined in 
this cross to a few pustules per plant. 

The F, families of the other crosses studied were grown at University 
Farm, St. Paul, the following year (1926). In order to save time and ex¬ 
pense, an effort was made to obtain an epiphytotic of flax rust there, but 
the season was very unfavorable for rust development. When by midsum¬ 
mer it was realized that it would not be possible to obtain a uniform infec¬ 
tion, as many as possible of the F, families were resown with reserve seed 
on a peat bog at Clearspring, Minnesota. The plants were too late to form 
seed, but a fairly good epiphytotic of rust was obtained. 

F, families of two of the Ottawa 770B crosses were grown, namely, 
Saginaw x Ottawa 770B and Winona x Ottawa 770B. The infection on the 
former-was not very heavy, and, consequently, the results are not suffi¬ 
ciently reliable to report As has been previously mentioned, Saginaw, the 
suscbptlble parent in this cross, often develops only a few pustules of nut, 
tend, if the plants are not subjected to a very heavy and uniform epiphy- 
totie,^mie of them may be tossed as immune. Under the conditions of the 
test, only .about 90 per of the Saginaw plants became rusted. In the 
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case of the much more susceptible variety Winona, however, 100 per cent 
of the plants developed rust. The results of the Winona x Ottawa 770B 
cross are shown in table 7. In a few of the families counted as susceptible, 

TABLE 7.— Musi reaction of F t families of the Winona x Ottawa 770B cross 


Cross 

| Number of families 

Total 

Immune 

Segre¬ 

gating 

Suscep¬ 

tible 

Winona x Ottawa 770B observed 
** x “ M expected 

80 

74.5 

152 

149 

66 

74.5 

298 

298 


x~ = 1.44 p = 0.50 


there were a few plants which did not become rusted. It is probable that 
some of these were natural hybrids with immune plants. Immunity being 
dominant, they would, of course, be free from rust. None were counted 
susceptible, however, which did not show more than 50 per cent of the 
plants rusted. There would be one chance in every two of a deviation, as 
great as that shown, of the observed from the theoretical being due to ran¬ 
dom sampling. 

In the Winona x Bombay cross, the observed F s ratio, as shown in table 
8, departs considerably from the theoretical. There is only about one 
chance in 100 that such a departure from the expected is attributable to 
chance. Evidently, a disturbing influence has affected this ratio. The 
susceptible class is only about half as large as it should be. As was pointed 
out in connection with the F 2 , a considerable number of the susceptible seg¬ 
regates were so severely rusted that they failed to form seed. This largely 
accounts for the small susceptible class of the F 3 . In the Blue Blossom 


TABLE 8.— Must reaction of F t famities of the crosses Wmona x Bombay and Blue 

Blossom Dutch x Bombay 



Number of families 




Cross 

Immune 

Segre¬ 

gating 

Suscep¬ 

tible 

Total 

r* 

P 

Winona x Bombay observed 
Winona x Bombay expected 

80 

67 

14 

111 



1:2:1 

27.75 

55.50 

27.75 

111 

9.37 

0.01 

Blue Blossom Dutch x Bom¬ 
bay observed 

Blue Blossom Dutch x Bom¬ 

34 

60 

i 

« 

129 



bay expected 1: 2:1 

82.25 

64.50 

32.25 

129 

0.63 

0.8 











TABLE 9 .—Batios of immune to susceptible plants in 25 segregating families in each of the S crosses, Winona 
x Ottawa 770B, Winona x Bombay, and Blue Blossom Butch x Bombay 
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Bine Blossom Dutch 

X Bombay 

No. of 
suscep¬ 
tible 
plants 

rH »H r-J rH 

142 

127.25 

No. of 
immune 
plants 

rtaHOHOMNWHfliHOiOMasiOHiOrtttftOH 
rlHlMHrt rH N N rl N N H H N rt « N 

307 

381.75 

2.24 

No. of 
family 

OHfQMN»OP?«NaNWQOa^«»NQOO>H(*>^lf5 
®»«^t>Nooao«xaoao>aftHHHHHHWNWN 1 

HrtHHriHrtHriHHHrtHrtNWNNMNNNWW 

& 

§ 

m 

No. of 
suscep¬ 
tible 
plants 

00 35 © SO ° C1 ® M HfOSCOMftWNWXN 

o 

,8S 


X 

4 

R 

O 

•S 

£ 

No. of 
immune 
plants 

0M!1NaV5 00i'5WW«0Nlf5WH0NHa«faW 
5J«01MHJi:iHWHrtNWSlHrt51MH«HrtN Cl 

495 

510.75 

2.07 

No. of 
family 

! 

OOOOOOHHrtHrtWNNNNWW«nWeO'<J'^^ 
C1C1&1C1CIC191C1C1C191C1C1C1C1C1C1CIC1C1C1C10101C1 I 

4 

1 

S« 

No. of 
suscep¬ 
tible 
plants 

aX00f-il>»ClCJU5W»HClri^ClM?^O^«009aD»t»«DC3 

HPI 

141 

143.75 

A. W 

g- 

§ 

i* 

III 

rtNWHOlNNHfirtrt PH r-lMCIClCO N H N M H 


• 

No. of 
family 

rHffO**iOOOOH04<tOt* 00 0) 

H H H PHl-l P>H WNWNWWWWWCO^^^ 

?2j 

Jlf 

•3 il 

« 

* 

t 

- 

• 

11° 
t*« * 
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Dutch x Bombay cross, x 2 is less than one and, consequently, p indicates a 
close agreement between the observed and theoretical ratios. 

Assuming that there is but a single-factor difference between immunity 
and susceptibility in the Ottawa 770B and Bombay crosses and a complete 
dominance of immunity over susceptibility, the segregating families of the 
F a should give 3 (immune): 1 (susceptible) ratios. The observed ratios 
fulfill this expectation, as is shown in table 9. The deviation from the ex¬ 
pected is in no case greater than three times the probable error. 

BREEDING WORK 

The parents used in the crosses discussed possess, as has been pointed 
out, many valuable characteristics, included among them immunity from 
rust and a high degree of wilt resistance, though each of them lacks one or 
more desired characters. 

As the primary object of the investigations is to develop varieties of 
seed and fiber flax possessing not only immunity from rust but wilt resis¬ 
tance and other desirable characters as well, numerous selections have been 
made with these points in mind. 

The results of the inheritance studies have furnished a valuable guide 
for the selection work. By selecting from F 3 families breeding true for 
immunity from rust and flower color, one can be assured that the pro¬ 
genies of these selections will also breed true. However, because of the 
occurrence of natural crossing (5), it is advisable to protect the selected 
plants from foreign pollen. Selections were, of course, also made from 
segregating families which appeared promising. In making the original 
selections, particular attention was given to earliness, height, diameter of 
stem, size and color of seed, size and color of flowers, degree of branching, 
and yield of seed, as well as to immunity from rust. Types unsuitable for 
fiber purposes might well prove valuable for seed purposes. The plan for 
the further testing of the selections calls for a wilt-resistant test on soil 
infested with the wilt organism, finally a yield and oil test on those sur¬ 
viving selections suitable for seed flaxes, and a yield and quality test espe¬ 
cially of the stems and their fiber content of the surviving tall selections 
suitable for fiber flaxes. 

( It was evident from a study of the F 3 families of the Ottawa 770B and 
Bombay crosses and of the F a and F 4 families of the Argentine selection 
crosses that immunity from rust could be combined with many desirable 
qualities not possessed by the immune parents.; Thus, in figure 1, A, 
(right) we see it combined with greater height in an F a family of the 
Saginaw x Ottawa 770B cross. This family bred true for immunity from 
rust and for white flowers and yellow seed. The immune parent, Ottawa 
770B, is shown at the left. The white-flower selections from the Ottawa 
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Ito. 1. 'A. Left; Ottawa 770B, od§ of the nut-immune parents. Bight; .Tall, 
white-flower F t family of the cross Saginaw x Ottawa 770B. This family bred true for 
Immunity from nut, flower, and seed color. B. Two tall blue-flower F t families of the 
SagfniM^ Ottawa 770B cross. 
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Fio. 2. A. Left; Saginaw fiber flax, a susceptible parent. Bight; Argentine 
selection, immune from rust and resistant to wilt. B. Two tall F 4 families of the Sag¬ 
inaw x Argentine selection cross. These resemble the susceptible parent in height and 
earliness and the immune parent in freedom from rust. 
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770B selections, because of low yield, may not be suitable for seed flaxes 
but may be valuable as fiber flaxes provided suitable yield and quality of 
fiber can be obtained in them. Their distinctive flowers would be useful 
in keeping them pure. In figure 1, B, are shown two of the taller blue- 
flower F, families from this same cross. Some of these bred true for im¬ 
munity from rust and for blue flowers and brown seed; moreover, they were 
much taller and earlier than Ottawa 770B, the immune parent. Promising 
selections of the seed flax type were obtained from the Winona x Ottawa 
770B cross as well as from the Argentine selection, and a few from the 
Bombay crosses. Figure 2 shows the great difference in earliness between 
Saginaw and Argentine selection, while figure 2, B, shows F 4 selections from 
a cross between these two varieties which have the height and earliness of 
the susceptible parent and the freedom from rust of the immune parent. 

Although the writer did not have an opportunity to test the relative 
wilt resistance of many of the selections, it is very probable that a number 
of them will prove wilt-resistant as well as immune from rust. The parents 
(Argentine selection and Winona both possess wilt resistance to a high de¬ 
gree, and the fact that the former also is immune from rust indicates that 
the two qualities can be combined in the one variety. The development of 
improved varieties of seed and fiber flax combining resistance to these two 
major diseases will constitute an important step. Further research should 
aim to introduce resistance to still other diseases, such as pasmo, browning, 
and anthracnose, into new varieties. 

SUMMARY 

1. Argentine selection, Ottawa 770B, and Bombay, three varieties im¬ 
mune from flax rust, were used as parents in the investigations reported. 

2. All three varieties have been inoculated by the writer with several 
North American collections of flax rust and with one European collection. 
The first two varieties also have been tested by Hiratsuka in Japan. They 
have remained immune in all tests. 

3. The immune varieties were crossed with susceptible varieties of fiber 
and seed flax. The principal susceptible’ parents raed were Saginaw and 
Winona. The latter is more susceptible than the former, particularly in 
the later stages. 

4. Immunity from rust proved completely dominant in all crosses. The 
Fj plants were invariably immune. 

- S. Evidence was obtained in the case of the Argentine selection x Sagi¬ 
naw cross which indicates that immunity from rust depends on two dupli¬ 
cate fastetv for its expression. 



1930] Henry : Inheritance of Immunity from Flax Rust 


721 


6 In the crosses in which Ottawa 770B and Bombay were used as im¬ 
mune parents, the results of inoculations indicate but a single factor dif¬ 
ference between immunity and susceptibility. 

7 Immunity from rust was apparently inherited independently of 
flower and seed color in crosses of Ottawa 770B on Winona and Saginaw. 

8 Numerous selections were made from F a and F 4 families of the 
various crosses Many of these appeared promising, some for fiber pur¬ 
poses and others for seed purposes 

9 Immunity from rust was combined m these selections with various 
characters not possessed by the immune parents, such as greater height, 
greater earhness, fewer branches, and difference in color and size of flowrers 
and seeds 

10 Improved selections combining immunity from rust and wilt re¬ 
sistance should also be obtainable from the crosses made 
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GROWTH OF PLANT PATHOGENIC BACTERIA IN SYNTHETIC 
CULTURE MEDIA WITH SPECIAL REFERENCE 
TO PHYTOMONAS MALVACEARA 

I. M . Lewis 

INTRODUCTION 

Although synthetic culture media have been extensively employed in 
studies of bacterial nutrition and for the purpose of differentiating species 
or strains in other groups, there appears to have been but few similar 
studies made on the species pathogenic to plants. Following the lead of 
Erwin F. Smith nearly all investigators have made use of the synthetic 
media of Uschinsky (8), Fermi (8), and Cohn (8) in the study and de¬ 
scription of new species. 

It is obvious that such a complex medium as that of Uschinsky is not well 
suited to the purpose of determining precisely which carbon or nitrogen 
compounds are suitable for the growth of an organism. Ability to grow 
in either Fermi's or Cohn’s solution denotes utilization of ammonia as a 
source of nitrogen, but failure to grow does not definitely prove inability 
to assimilate ammonia, since either glycerin or tartaric acid may be un¬ 
suited as a source of carbon. The accurate determination of nutritive 
requirements is possible only when carbon and nitrogen compounds are so 
combined as to afford but a single source of each in the culture medium. 
When a variety of such media is employed it is possible definitely to de¬ 
termine carbon and nitrogen requirements. 

Use of such media has often been made in the study of other groups, 
and our knowledge of bacterial nutrition has been markedly advanced by 
such studies. In addition valuable means of differentiating closely related 
species or strains based on utilization of a single source of nitrogen or car¬ 
bon have been discovered. Koser (5, 6) has shown that differentiation 
within the colon group may be accomplished by employing synthetic media 
containing citrate as the sole source of carbon or uric acid as the source of 
nitrogen. Similarly Simmons (7) and others have shown differentiation 
within the paratyphoid group. Recently, Frazier and Rupp (3) have sug¬ 
gested the possibility of grouping proteolytic bacteria by growth in media 
containing ammonia or urea with the addition of sugars or organic acids. 

Braun and his collaborators have emphasized the necessity of certain 
refinements in technique not generally practiced by earlier investigators. 
Braun and Cann-Bronner (1) were apparently the first to recognize the 
importance of testing the ability of an organism to grow in serial trans- 

723 



TABLE 1 .—The growth of plant-pathogenic bacteria in the synthetic media of TJschinsky , 
Fermi, and Cohn. Compiled from data published by various authors 


Name of species 

j Medium 

Author 




Uschinsky 

Fermi 

Cohn 


Erwinia amylovora 

—c 


- 

Smith 

tt 

aroidea 

4-* 



Townsend 

tt 

atroseptica 

4» 

4 

- 

Morse 

tt 

c&rotovora 

4 



Jones 

tt 

nicotiana 

4- 


- 

Smith 

t < 

oleracea 

4 

4 


Harrison 

tt 

solanisapra 

+ 

4 


Harrison 

it 

tracheiphila 

4- 

4- 

4- 

Smith 

Phytomonas alboprecipitans 

+ 

4 

- 

Rosen 

tt 

angulata 

4 



Fromme and Murray 

tt 

apii 

- 


- 

Jagger 

11 

aptata 

4 

4 

— 

Brown and Jamison 

tt 

atrofaciens 

4 

4 

- 

McCulloch 

11 

beticola 

4 

4 

- 

Brown 

11 

bowlesia 

4 

4 

4- 

Lewis and Watson 

11 

campestris 

4- 

4- 

4- 

Smith 

11 

cannae 

4 

4 

4- 

Bryan 

tt 

citrarifaciens 

4 

4 

4 

Lee 

tt 

coronafaciens 

+ 

4 

4 

Elliott 

11 

cucurbitae 

4- 


- 

Bryan 

tt 

delphinii 

4- 

4 

4 

Bryan 

tt 

dissolvens 

4-- 

- 

— 

Jones 

tt 

erodii 

4- 

4 

1— 

Lewis 

tt 

exitosa 

- 

- 

- 

Gardner and Kendrick 

tt 

flaccumfaciens 

4- 

4 - 

4 — 

Hedges 

tt 

gummisudans 

4-- 

4- 

4- 

McCulloch 

tt 

holci 

4- 

4 

— 

Kendrick 

tt 

hyacinthi 

4 



Smith 

tt 

insidiosum 

- 

- 

- 

Jones and McCulloch 

11 

lachrymans 

+ 

4 

4 

Smith and Bryan 

11 

maculicola 

4- - 


4- 

Smith 

i t 

malvaceara 

4 


- 

Smith 

11 

marginale 

4 

- 

- 

Brown 

11 

marginata 

+ 

4 

4 

McCulloch 

11 

martyniae 

4 

4 

4 

Elliott 

11 

mellea 

4 

4 


Johnson 

11 

michiganensis 

- 

- 

- 

Smith 

i i 

mori 

4 


— 

Smith 

i t 

panici 

4 

4 

4 

Elliott 

11 

papa Ians 

4 


- 

Rose 

11 

pelargoni 

4 

4 

- 

Brown 

11 

phaseoli 

4- 



Smith 

11 

pruni 

4 



Brown 

11 

puerariae 

4 

4 


Hedges 

11 

ratbayi 



- 

Smith 

i t 

savastonoi 

4 

4 

_ 

Smith 

tt 

solanaceara 


4- 

_ 

Smith 

t i 

stewarti 

4 

4- 

- 

Smith 

f t 

•yringae 

4 

4 

4- 

Bryan 

f t 

* translucens ; 

i * + 

- 

— 

Jones et al. 

11 

trifoliora 


4 

— 

Jones et al. 

11 

tumefaciens 

* 4- ' 


- 

Smith and Townsend 

tt 

* vas^jlara 

4- 


- 

Smith 

It 

TiglUM , 

4 

4 

— 

Gardner and Kendrick 

tt 

Tmdilivtda 

4 

4 

4- 

Brown 

tt 

ft 

viridifaeiojMi.. 

Yitian* t * 9 ^ m 

4- , 

4 

4 

— 

Tisdale and Williamson 
Brown 

tt 

xaatlychkny.j^ 

\ + 


— 

Smith 


*4 = “Good growth.” * + - = “Feeble,” “•cant,” “wanting.” «-=No growth. 
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plants in simple synthetic media. Their results show that in some cases an 
organism may be able to grow when transplanted from complex media but 
fail to maintain growth in successive transplants in the synthetic medium. 
This appears to be true particularly in the case of old cultures grown on 
such media as beef-extract-peptone broth or agar. Since an organism 
should be able to maintain itself indefinitely in suitable media when trans¬ 
ferred at proper intervals it is only necessary to make sufficient serial 
transplants in order to eliminate this source of error. Braun and Cahn- 
Bronner (1) consider growth in less than three serial transplants as un¬ 
reliable. They called attention also to the necessity of affording proper 
aeration for cultures in such simple media as must be employed. They 
made use of small flasks containing only sufficient medium to form a shal¬ 
low layer. Positive results often were obtained by this method when no 
growth occurred in tubes containing deep layers. 

Before beginning the experimental work of the present investigation, 
it was deemed essential to review the literature of the group thoroughly to 
determine the present status of our knowledge of the nitrogen and carbon 
sources utilized by the various species. In so far as it was possible to do 
so, original descriptions of the species have been consulted. Since data are 
limited principally to the tests made in the media of Uschinsky, Fermi, and 
Cohn it seems desirable to tabulate all of the results for convenient refer¬ 
ence. (Table 1.) The species names published in the third edition of 
Bergey’s Manual of Determinative Bacteriology have been adopted. 

In considering table 1 it must be borne in mind that little or nothing 
is said as to method of inoculation, time required for growth, number of 
strains tested, aeration of cultures, or ability to grow in serial transplants. 
Such expressions as “growth scant,” “slight,” “feeble,” “transient,” 
“doubtful,” or “wanting” are frequently met. 

Table 1 shows that most of the species are capable of growth in 
Uscliinsky’s medium, thus denoting ability to use_ammonia or asparagin, 
or both, as the source of nitrogen, and one or more of the compounds, 
asparagin, glycerin, or lactate, as the source of carbon. A comparison of 
the results obtained in the media of Fermi and Cohn shows that Cohn’s 
medium is less satisfactory. Since these media are essentially alike except 
for the carbon compound, it appears that tartrate is less suitable than 
glycerin for most species. 

More precise data are available for & few species only. Jones (4) tested 
the growth of Erwinia carolovora in a synthetic medium containing am¬ 
monia as a sole source of nitrogen and sodium acetate or formate as the only 
source of carbon. The organism assimilates ammonia and acetate but not 
formate. Smith (9, p. 290) obtained no growth of E. tracheiphUa in 
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asparagin water containing dextrose and mineral salts or in filtered boiled 
river water containing 1.0 per cent sodium asparaginate, 1.0 per cent dex¬ 
trose, and 2.0 per cent glycerin. Similar results were obtained when am¬ 
monium lactate or tartrate was substituted for sodium asparaginate. 
Bryan (2) tested the growth of Phytomonas delphinii in solutions of pep¬ 
tone, asparagin, and the ammonium salts of citric, tartaric, and succinic 
acids. The organism uses ammonia, citric, and succinic acids but not 
tartaric acid. She also reported growth in Uschinsky’s and Fermi's but 
not in Cohn's medium. Smith (10) studied sixteen strains of Ph. 
solanaceara. He found that both urea and ammonia were suitable sources 
of nitrogen and that growth occurred with dextrose, sucrose, aiul sodium 
salts of citric, malic, tartaric, and succinic acids. There uas no growth 
with lactate, acetate, or butyrate. Higgins found that a species pathogenic 
to peppers was unable to grow in a medium containing only asparagin. 
The most complete study of the carbon and nitrogen requirements of a 
plant-pathogenic organism appears to be that of Honing for Ph. solana¬ 
ceara. The results of this study are fully summarized by Smith (10, pp. 
244-554). It is shown that asparagin, glycocoll, potassium nitrate, potas¬ 
sium nitrite, and ammonia may serve as sources of nitrogen in the presence 
of a suitable source of carbon. Certain carbon compounds were found to 
be absolutely nonusable in the combinations tested. These included 
glycogen, starch, lichenin, sodium acetate, and sodium butyrate. The most 
notable feature of this study was the extreme variability of the several 
strains in the same medium. Some strains almost invariably failed to 
grow in media which supported growth of others. Similar results were 
obtained by Braun (1) and by Koser (5) in other groups, thus emphasizing 
the necessity of including several strains of a species in studies of this kind. 

From the data at hand it is obvious that our knowledge concerning 
utilization of either carbon or nitrogen compounds by species of plant 
I pathogens is far from complete. It appears that ammo nia is suitable for 
' the growth of most species and that variation is to be expected in the utiliza¬ 
tion of various sources of carbon. Before such tests can be considered as 
of differential value among closely related species, it must be shown that 
uniformity prevails among several strains of such species. That such tests 
might prove to be of such differential value, as has already been shown for 
other groups, seems probable. 

The present investigation was originally planned to include strains of 
more than fne species from various sources. This was found impracticable 
because of the difficulty of obtaining sufficient numbers of strains. It was 
4bnn;d^ided to limit the investigation to one species. Because of its wide 
distril|l^i(m, tbs cqptainty identification, and availability of material for 
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isolation of numerous strains from different localities, Ph. malvaceara was 
chosen as the most desirable species available. All experiments were per¬ 
formed in the Laboratory of Plant Pathology at the University of Texas. 

SOURCE OF TEST STRAINS 

The strains used throughout the study were freshly isolated from young 
cotton plants growing in different fields in the vicinity of Austin, Texas. 
The organism is readily obtained from the young, water-soaked, angular 
spots of leaves. In order to minimize possibilities of obtaining closely 
related strains one strain only was isolated from each plant. The cultures 
were replated and fished a second time from well-separated single colonies 
before beginning the experiment. All of the cultures were typical of the 
organism described by Smith (11, pp. 314-339). Briefly, the salient fea¬ 
tures are as follows: Nitrates not reduced; starch hydrolyzed; gelatmjique- 
fied slowly; litmus-milk alkaline with complete coagulation followed by 
slow’ peptonization; growth on potato light yellow, very copious, the water 
at the base becoming completely solid; growth occurs in Uschinsky’s and 
Fermi’s but not in Cohn’s medium. Each strain was tested for patho¬ 
genicity by spraying water suspensions on young cotton plants growing in 
flower pots. The production of numerous typical w’ater-soaked angular 
spots occurred after about two weeks. A total of 14 such strains was 
obtained. 

METHODS OF CULTIVATION 

All glassware used in the experiments was treated with acid-cleaning 
fluid and then thoroughly rinsed with tap and distilled water. The water 
used for preparation of media was redistilled from the stock supply. The 
chemicals employed were of the highest purity obtainable and further puri¬ 
fication was not attempted. 

Since the object of the investigation was to determine organic rather 
than inorganic requirements for growth, experiments were not performed 
to determine the most favorable mineral solution. The basic solution 
adopted was prepared according to the recent formula of Frazier and Rupp 
(3). This solution contains dibasic potassium phosphate 0.31 per cent, 
monobasic potassium phosphate 0.08 per cent, potassium chloride 0.02 per 
cent, and magnesium sulphate 0.02 per cent. In media containing ammonia 
as the only source of nitrogen, 0.25 per cent of sodium ammonium phos¬ 
phate was substituted for the potassium phosphates. 

The various carbon and nitrogen compounds w T ere dissolved in these con¬ 
stant mineral solutions and were then distributed in 5 to 8 cc. quantities 
in large test tubes. The sugar-containing media were discontinuously 
sterilized at 100° C. Media containing urea were sterilized by filtration 
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and then aseptically tubed. All other media were sterilized in an auto¬ 
clave at 12 to 15 pounds pressure. Reaction of the finished media varied 
from about pH 7.6 to pH 6.8. Phytomonas malvaceara grows very well 
in beef-extract-peptone broth at these reactions. 

The sodium salts of the various organic acids were supplied in 0.2 
per cent, the carbohydrates and alcohols in 0.5 per cent concentration. The 
nitrogen-bearing compounds were added as follows: Asparagin, glycerin, 
aspartic acid, glutamic acid, alanine, edestine, 0.3 per cent, urea 0.1 per 
cent, and tyrosine 0.1 per cent. 

The inoculum was prepared by rubbing up a small bit of the growth 
from a 48-hour-agar-slant culture in about 3 cc. of distilled water. One 
loopful of the suspension was used for inoculating each tube of synthetic 
medium. This amount was sufficient to cause growth in control tubes of 
plain beef-extract-peptone broth. During the period of incubation the test- 
tube cultures were laid on a sloped surface to afford better aeration. Re¬ 
sults were recorded as negative if visible growth had not occurred at the 
end of 30 days. 

Following Braun’s method of serial cultivation, transplants were made 
from all positive tubes as soon as the growth had apparently reached its 
maximum. The time varied somewhat with different strains and quite 
markedly for different media. Results were not recorded as positive until 
growth occurred in the fourth successive transplant. Agar plate cultures 
were prepared from the final positive tubes in order to make certain that 
contaminations had not been picked up in the series. 

RESULTS 

Results of the experiments to determine utilization of carbon com¬ 
pounds with ammonia or asparagin are shown in table 2. All strains be¬ 
haved uniformly in all of the combinations tested. 

It is seen that either ammonia or asparagin is a suitable source of nitro¬ 
gen in the presence of a satisfactory source of carbon but that asparagin 
fails to supply both nitrogen and carbon. Growth was very Copious in the 
case of glucose, sucrose, lactose, galactose, and levulose; less abundant but 
vigorous with maltose, starch, glycogen, inulin, raffinose, glycerin, and the 
sodium salts of acetic, citric, butyric, lactic, and succinic acids. No growth 
whatever occurred with^arabinose, mannitol, dulcitol, salicin, formate, tar¬ 
trate, oxalate after the first transplant and there never was more than 
a scqnt, almost invisfltn, clouding of the medium in any of the first tubes. 
Ip.atl suitable media g rowt h was as prompt and vigorous in the last set of 
*ftibes as the original. The results would not have been changed in any 
, way^^^toninating^the third fnd fourth serial transplants. The additional 
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TABLE 2.— The growth of Phytomonas malvaceara vn synthetic media containing 
ammonia or asparagin and various sources of carbon 


Sources of carbon 

Sources of nitrogen 

Ammonia 

Asparagin 

None 

Asparagin 

Glucose 

+ 

+ 


Levulose 

+ 

+ 

- 

Sucrose 


+ 

- 

Maltose 


+ 

- 

Lactose 

+ 

+ 

- 

Galactose 

4- 


- 

Arabinose 

- 

- 

- 

Raffinose 

+ 

: \ 

- 

Xj lose 

4 - 

* 

Starch 

+ 

- 

- 

Inulin 

+ 

- 

- 

Glycogen 


- 

- 

Glycerol 

+ 

T 

- 

Mannitol 

- 

- 

- 

Dulcitol 

| 

- 

- 

Salicin 

- 

- 

- 

Sodium acetate 


- 

- 

* 4 citrate 

- 

* 

- 

4 4 butyrate 


* 

- 

4 4 formate 

- 

- 

- 

4 4 lactate 


- 

- 

4 4 tartrate 

- 

- 

- 

4 4 succinate 

+ 

+ 

- 

4 4 oxalate 



- 


nitrogen-bearing compounds were tested to determine ability to obtain 
both nitrogen and carbon from the same compound or nitrogen in the pres¬ 
ence of a suitable source of carbon. The results of these tests are shown 
in table 3. 

The fourteen strains behaved uniformly. Growth occurred with all the 
nitrogen-bearing compounds tested when a suitable source of carbon was 
present. Four only of the compounds, peptone, glutamic acid, alanine, and 
edestine, were capable of supplying both carbon and nitrogen. 

The work of Jones, Smith, Bryan, and Honing on other species of plant- 
pathogenic bacteria affords some basis for comparing the utilization of salts 
of organic acids in the presence of ammonia. These results are given in 
table 4. 

It is seen that both citrate and succinate are suitable for all of the species 
tested. Some of the compounds appear to have differential value. These 
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TABLE 3 —The growth of Phytomonas malvaceara tn synthetic media containing sucrose 
or glycerol and various sources of nitrogen 



Source of carbon 

Source of nitrogen 

Sucrose 

Glycerol 

No additional 
carbon 

Peptone 

+ 

4- 

4- 

Ammonia 

+ 

+ 

- 

Asparagm 

+ 

4- 


Urea 

+ 

+ 1 

- 

Unc acid 

+ 

4- 

- 

Glutamic acid 

+ 

4- 

4- 

Aspartic acid 

+ 

+ 1 

- 

Glycine 

+ 

+ 

- 

Alanine 

+ 

+• 

4- 

Tyrosine 

+ 

4- 

- 

Leucm 

+ 

+ 

- 

Cystine 

+ 

+ 

- 

Edestme 

+ 

+ 

r 

None 

- 

- 

- 


I results suggest the possibility of differentiating betwe en speci es by differ- 
t ences in utilization of nitrogen and carbon compounds 


TABLE 4 —Utilization of salts of organic acids and ammonia by four species of plant 

pathogenic bacteria 



SUMMARY 

It has beau fchown that our knowledge of carbon and nitrogen utilization 
by species of Jd/mt-pathogenic bacteria is incomplete, due to few investi- 
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gations of the subject, the use of a too limited variety of culture media, and 
questionable technique. 

Fourteen strains of Phytomonas malvaceara were found uniform in re¬ 
gard to carbon and nitrogen compounds that support growth. The organ¬ 
ism assimilated ammonia and all of the various more complex nitrogenous 
compounds tested when supplied with various sources of carbon. Peptone, 
alanine, glutamic acid, and edestine support growth in the absence of ad¬ 
ditional carbon. Some of the carbon compounds tested failed to support 
growth in the presence of ammonia or asparagiir. All results are based on 
ability to maintain growth through four successive transplants. 

The University of Texas, 

Austin, Texas. 
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A NEW DIPL0D1A EAR ROT OP CORN 
A. H. Eddinsi 

INTRODUCTION 

In August, 1928, an ear of corn was collected in the experimental plots 
at Gainesville, Florida, rotted and blackened by a Diplodia organism that 
differs from Diplodia zeae (Schw.) Lev. and D. macrospora Earle in color 
of mycelium and color, shape, size, and septation of spores (1). The causal 
fungus was also found later in the season on old dead stalks of corn. The 
evidence now available indicates that this new ear rot is widely distributed 
in the State because diseased ears have been collected in Hillsborough, 
Clay. Gadsen, Jackson, and Okaloosa counties, Florida. 

SYMPTOMS 

The mycelium of the Diplodia causing this new ear rot penetrates the 
cob, kernels, husks, and stalk. In contrast to the white mold formed on 
the kernels and husks of severely diseased ears infected by D. zeae or D. 
macrospora (1), the causal fungus forms a dark brown, felt-like mold on 
these parts (Fig. 1, A and B). The interior of the severely diseased 
kernel consists of a mass of blackened tissue and fungous hyphae in which 
pvcnidia often are imbedded. All or a part of the ear may be invaded, 
although the butt end is most often diseased. On some ears only a few 
scattered kernels show the characteristic blackening. On others the dis¬ 
eased kernels cannot be detected until they are germinated. 

Stalks usually are diseased at the lower nodes and internodes. The pith 
is blackened and the pvcnidia are imbedded either in the outer tissue of 
the stalks at nodes and internodes or they occur in stromata at the nodes 
where sufficient moisture has been retained in the cavity formed by the 
stalk and sheath for the growth of the fungus on the surface (Pig. 1, C). 
A characteristic that distinguishes this disease on the stalk from that caused 
by D. zeae and D. macrospora is that the pycnidia of the causal organism 
which are imbedded in the stalk emerge through longitudinal cracks in the 
epidermis (Pig. 2), while those of the other two organisms never make 
elongated cracks, although, when mature, they break out through the 
epidermis. 

The disease has not been observed on the roots of plants in the field. 
However, the roots of seedlings grown in sterilized sand inoculated with a 
pure culture of the fungus were severely rotted and blackened, and the 
plants were either stunted in growth or killed. 

1 Grateful acknowledgment is made to Dr. G. F. Weber for suggesting the investi¬ 
gation of this problem and to Dr. W. B. Tisdale for aid in preparing the manuscript. 
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CAUSAL ORGANISM 

Morphology 

Pycnidia; The pycmdia occur in clumps or series and break out through 
longitudinal cracks an the epidermis of old stalks or occur in stromata on 
the surface at nodes, on the husks, and on the surface and interior of ker¬ 
nels. They are subglobose to globose, black in color, and measure 170- 
470 \x in diameter 

Pycnospores: Young pycnospores, borne on short conidiophores, are 
nonseptate, colorless, and granular when young, becoming brown at ma¬ 
turity. Mature spores are generally uniseptate, nonseptate dark colored 
spores occurring rarely. The dark spores frequently have longitudinal 
striations on their surfaces, measure 19-31 x 11-15 p, mostly 24-28 x 13-14 p, 
and average 25 3 x 13 3 jj The spores germinate within two to four hours 
in tap water at room temperature While in the process of germination 



Pw. X. A. An mr of corn severely rotted and blackened by Dxplodta frumenti . 
Ear showing pycnidia of I). frumcnti in stroma on the hoiks at the bott end. 
0. Pycnidia aft ft frummti in itroma on the surface of a stalk at the node. 
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Fig 2. Pycnidia of Dtplotha frumentx breaking out through longitudinal cracks m the 

epidermis of stalks. > 2 

the spores swell at one end and the wall is slit in a ragged manner as the 
germ tube emerges. 

Mycelium: On potato-dextrose agar, the young mycelium is hyaline and 
granular, septate and branched, producing a loose, flocculent, white aerial 
growth. As it grows older, the mycelium becomes brown and forms stro- 
matic masses on the surface of the media. On badly diseased ears, the 
fungus forms brown, felty masses of mycelium on the kernels and husks. 

Chlamydospores: Clilamydospores are produced in old cultures in which 
the nutrients have been exhausted They are dark brown, intercalary, 
usually in chains. 

Drawings of spores, mycelium, and chlamydospores of the fungus are 
shown in figure 3. 

Taxonomy 

In addition to Diplodia zeae and D. macvospora , one other Diplodia has 
been mentioned as occurring on corn. This organism was collected in 1886 
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Fig. 3. Diplodia ear-rot fungus. A, various types of pycnospores; B, germinating 
pycnospores; C, mycelium; D, chlamydospores. x 720. 


by Langlois in Louisiana on old dead stalks of corn and was described and 
named D. frumenti by Ellis and Everhart (2), whose description is 
as follows: 

“Diplodia frumenii, E. and E.—On dead stalks of Zeae mays, June. 
Langlois, No. 493. Perithecia globose, sometimes with a stout, cylindrical 
ostiolum, subcaespitose or often seriate, bursting out through longitudinal 
cracks; sporules elliptical, brown, 1—septate, 15-18 x 12 p, on stout pedicels. 
Very different from Diplodia zeae, Lev.” 

The Diplodia on eorn in Florida agrees with the above description 
except that dark, nonseptate spores as well *s uniseptate spores occur, and 
the limits in dimensions of the spores of the Florida organism exceed those 
of Ellis and Everhart’s fungus. The spores of the Florida fungus measure 
19-31 xjll-15 p and those of D. frumenty as described by Ellis and Ever¬ 
hart, measure 15-18 x 12 p. the smaller size given for the latter may have 
been du^to the possibility that only a few spores were measured and that* 
thesey M from #4 herbarium material, had shrunken. In obtaining the 
dimenaions^of^be spores of the Florida Diplodia 200 spores from material 
fresh fromlhe fiddwe^e measure!* 
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A specimen of the Diplodia on an old dead cornstalk collected from a 
field at Gainesville, Florida, in April, 1929, was sent to Dr. C. L. Shear, 
Wa shing ton, D. C., who identified it as D. frumenti. Pycnospores of this 
fungus cannot be distinguished from those of the Diplodia species which 
naturally occur on sweet potatoes, Citrus and cotton. They are similar 
in shape, septation, and color (Fig. 4) and have about the same dimensions, 
as is shown in table 1. 



Fig. 4. Photomicrographs of pycnospores. A, Diplodia frumenti; B, Physalotpora 
rhodtna, C, Diplodia tubericola . x 400. 


TABLE 1 —Dimensions of £00 pycnospores each of the Diplodia species that occur nat¬ 
urally on corn y sweet potatoes , Citrus , and cotton when produced on ears of corn 
that were artificially inoculated with pure cultures of these organisms 


Source of pure cultures used 

Spore dimensions in microns 

for inoculation 

Limits in dimensions 

Average dimensions 

Corn stalks 

10-31 x11-15 

25.3 x 13 3 

Rotted sweet potatoes 

18-31x 9-13 

24.9 x 12.5 

Rotted oranges 

21-30 x10-15 

27.2 x 12.6 

Rotted cotton bolls 

18-29x10-15 

i 

22.8x12.7 


Inoculation tests have shown also that the Diplodia species on sweet 
potatoes, Citrus, and cotton cause a dry rot of ears of corn and the symp¬ 
toms of the disease are similar to those caused by the Diplodia that nat¬ 
urally occurs on corn. Furthermore, the Diplodia from corn artificially 
inoculated into sweet potatoes, Citrus and cotton causes a rot of these hosts 
and the symptoms of the disease are similar to those of the diseases caused 
by the Diplodia spp. that naturally occur on these plants. Stevens (6) 
has shown that the common Diplodia that occurs on Citrus, D. nataJensis 
Evans, and the common one on cotton, Z>, gossypina Cke., are one species, 
the perfect stage of which is Physalospora rhodina (Berk. & Curt.) Cooke. 
In 1911 Fawcett and Burger (3) found that Diplodia isolated from gum¬ 
ming peach trees caused a gumming of orange trees and Diplodia isolated 
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from orange trees caused a gumming of peach trees. Other workers 
(4, 5, 7) have also shown that I). natalensis and D . gossypina cause a rot 
of sweet potatoes similar to the rot caused by Z>. tubericola Ell. and Ev., 
and D. tubericola caused a stem-end rot of watermelons. It is possible that 
only one fungus is being dealt with here, as the organisms pass readily 
from one host to another. However, it has not been demonstrated that 
the Diplodia on corn and that on sweet potatoes have P. rhodina as their 
perfect stage. In view of this fact the wisest course at present seems to 
be to consider D. frumenti on com as a species distinct from I). tubericola 
and P. rhodina . 

Germination of the spores 

Spores of 2>. frumenti were germinated in tap water in drop cultures 
exposed to the following temperatures Centigrade: 5°, 8°, 15°, 20°, 23°. 
25°, 28°, 32°, 35°, and 39°. The daily fluctuations in these temperatures 
were not more than plus or minus one degree. The percentage germination 
at each temperature at the end of four hours is given in table 2. When the 
same cultures were held at the various temperatures for six days, the spores 
germinated at temperatures as low as 8° C. 

TABLE 2.— Percentage germtnatton of spores of Diplodia frumenti exposed to different 

temperatures for four hours 


Temperatures in degrees Centigrade 5 8 15 20 23 25 28 32 35 39 

Percentage germination 0 0 0 0 11 28 40 32 27 11 


Growth on culture media 

Diplodia frumenti was grown on sterilized apple, sweet-potato, and 
orange plugs and sterilized wheat and corn kernels. Pycnidia were formed 
by the organism on all these media except the orange plugs. When grown 
on corn meal, carrot, oatmeal, glycerine, lactose, potato-dextrose, and malt- 
extract agars at room temperature, the fungus formed dark brown stro- 
matic masses of mycelium on the surface of these media and produced 
pycnidia on all except the lactose and malt-extract agars. 

Relation of temperature to mycelial growth 

A series of triplicate plates of potato-dextrose agar were inoculated in 
the center with uniform squares of a .young agar culture of the organism 
and incubated for 48 hours at temperatures ranging from 5° to 39° C* 
Maxpadn growth, as indicated by the diameters of the colonies in table 3, 
occurred between 25* and 32° C. The fungus grew slightly at 39° C., and 
the lower,|toodt at which* growth occurred was 15° C. 
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TABLE 3.— Relation of temperature to the mycelial growth of Diplodia frumenti on £ 

per cent potato-dextrose agar 


Diameter of colonies in centimeters at temperatures expressed in 


Time of degrees Centigrade 

reading--— 


x mutug 

5 

8 

15 

20 

23 

25 

'28 

32 

35 

39 

24 hours 

0 

0 

0.5 

1.7 

2.5 

3.7 

4.2 

5.0 

1.1 

trace 

48 hours 

0 

0 

1.8 

4.3 

6.5 

8.3 

8.7 

9.0 

1.7 

0.3 


Relation of hydrogen-ion concentration to growth 

Diplodia frumenti was grown on a 2 per cent potato-dextrose agar ad¬ 
justed to different hydrogen-ion concentrations. Fifteen cubic centimeters 
of the agar were placed in each of 120 test tubes, and, after sterilization, the 
adjustment of the pH concentration of each tube was made by adding the 
required number of drops of 2N, X/l. X/3, IIC1, and X/l XaOH. The 
amount of acid and alkali required to adjust the media to the different 
concentrations was determined with the Youden Hydrogen-Ion Concentra¬ 
tion Apparatus. Petri plates were prepared in triplicate for each reaction, 
inoculated in the center with uniform bits of fungous mycelium, and ex¬ 
posed at a constant temperature of 30° C. for 48 hours. According to the 
diameters of the colonies given in table 4, the fungus made about the same 
rate of growth at pH concentrations ranging between 4.9 and 7.6. The 
organism grew* w T ell at pH 8.2, but growth was inhibited at pH 1.9, the 
lower limit. 
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Pathogenicity on corn 

Ears of corn in the soft-dough stage were inoculated with D . frumenti 
by the following methods: (1) A kernel of corn on which a pure culture of 
the fungus was growing w r as inserted into a wound made in the husks and 
pressed down in contact with the kernels; (2) a water suspension of spores 
was sprayed on the exposed tips of ears; and (3) a water suspension of 
spores was hypodermically injected into the husks of ears near the butt end. 
As noted in table 5, ears were infected when inoculated by each method. 
The diseased ears had some or all of their kernels severely rotted and black¬ 
ened by the organism which was recovered in pure culture when infected 
kernels were plated on agar. The data show that the fungus may gain 
entrance to the ears through exposed tips and wounds. Ears in the field 
often are diseased only at the butt ends. This indicates that the spores 
lodge in the cavities formed by the husks and ear sheath at the butt, where 
they germinate, and the fungus grows into the ear. 


TABLE 5.— Besvlts obtained by inoculating ears of corn in the soft-dough stage with 
mycelial cultures and spore suspensions of Diplodia frumenti 


Method of inoculation 

Number of ears 
inoculated 

Number of ears 
infected 

Number of ears 
on which pyc- 
nidia appeared 

Mycelial cultures inserted in¬ 
to wounds in husks 

66 

42 

7 

Spore suspension sprayed on 
exposed tips 

81 

11 

6 

Spore suspension injected in¬ 
to husks near butt end 

79 

18 

9 

Healthy com seedlings ■with roots from one to two inches long were set 


out in sterilised white lake sand and in sand sterilized and inoculated with 
a pure culture of Z>. frumenti . At the end of two weeks the roots of seed¬ 
lings grown in sand inoculated with the organism were severely rotted 
and blackened and the tops of the plants were either wilted or dead. Seed¬ 
lings in the noninoculated sand were healthy. In this experiment the 
amount of inoculum was greatly in excess of what normally occurs in the 
field. * Consequently, the t$st indicates only the parasitic capabilities of 
the fungus and not its pathogenicity tinder normal field conditions. 

Pathogenicity on other plants 

4 * 

The pathogenicity of D. frumenti was tested on oranges, grapefruits, 
sweet pdtaioeq, sottry bolty, and watermelons. Inoculations were made 
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under sterile conditions by inserting mycelium from pure culture into 
wounds made in each fruit with a sterilized scalpel. As shown in table 6, 
all these fruits were rotted by the organism, thus demonstrating that D. 
frumenii is not confined to corn but can cause a typical Diplodia rot of 
oranges, grapefruits, sweet potatoes, cotton bolls, and watermelons. 


TABLE 6.— Besults of inoculating oranges, grapefruits, sweet potatoes, cotton bolls, and 
watermelons with mycelium of Diplodia frumenii 


Fruits inoculated 

Number 

inoculated 

Number 

rotted 

j Number 

noninoculated 
(checks) 

Number 

rotted 

(checks) 

Oranges 

8 

s 

12 

0 

Grapefruits 

3 

3 

2 

0 

Sweet potatoes 

14 

10 

15 

0 

Cotton bolls 

22 

°2 

24 

3* 

Watermelons 

3 

3 

2 j 

0 


* The cotton was inoculated in the field and the 3 rotted bolls of the noninoculated 
checks were naturally infected. 


In another test, mycelium from a pure culture of D. frumenti was in¬ 
serted into wounds made in the bark of young orange twigs. The wounds 
were wrapped with absorbent cotton which was moistened each day. At the 
end of three weeks gummosis and necrosis of the twigs had occurred in 
the region of the wounds and at ten weeks pycnidia containing mature 
spores had been formed. The noninoculated wounds that served as checks 
healed and no symptoms of Diplodia infection were evident. 

Overwintering 

Diplodia frumenti survives the winter in Florida on old plant debris 
in the field, for ear infection has been obtained from spores collected from 
old stalks left in the field until June. It also lives over as dormant my¬ 
celium in the seed. 

SUMMARY 

A hitherto unknown Diplodia ear-rot of corn has been found in Florida. 
The stalks also are attacked. The symptoms of the disease and morphology 
of the fungus are described. 

The causal organism agrees closely with Diplodia frumenti E. and E. 
and is referred to that species. Cross inoculations showed that D. tuberi- 
cola, D . natalensis , and D. gossypina cause a rot of ears of corn similar 
to that caused by D. frumenti, and all forms cause a similar rot of oranges, 
grapefruit, sweet potatoes, cotton bolls, and watermelons. The four 
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organisms resemble each other in their imperfect stages. D. natalensis and 
D. gossypina are synonymous and have Physalospora rhodina as the perfect 
stage. D . frumenti and D. tubericola are tentatively considered two dis¬ 
tinct species because their perfect stages are unknown. 

Spores of 2>. frumenti germinate best at temperatures ranging between 
25° and 32° C. The fungus grows well on standard culture media. The 
temperatures at which maximum growth occurs on potato-dextrose agar 
range between 25° and 32° C., and the pH reaction most favorable for 
growth lies between pH 4.9 and 8.2. 

Diplodia frumenti enters the ears through the exposed tips and wounds 
and by growing into the ears at the butt ends. The organism hibernates 
in old cornstalks in the field and as dormant mycelium in the seed. 
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THE IDENTITY OF THE POTATO BLACKLEG PATHOGENS 1 

J. G. Leach 


The question of the correct name to be applied to the blackleg pathogene 
has been the subject of much discussion and the cause of considerable con¬ 
fusion. Frank (3) in 1899 was perhaps the first to publish a recognizable 
description of the disease and to attribute it to a definite bacterial patho¬ 
gene. He described briefly a Micrococcus, which he called M. phytoph - 
thorns . Since no later workers have found a Micrococcus to be patho¬ 
genic to potatoes and since abundant evidence has been presented to show 
that blackleg is due to a Bacillus, it is to be concluded that Frank’s organ¬ 
ism was not the true pathogene. 

In 1902, van Hall (4) described a Bacillus as the pathogene and named 
it Bacillus astrosepticus. Shortly before this, Appel (1) reported the 
pathogene as Bacillus phytophthorus but did not publish a complete de¬ 
scription until 1903 (2). Harrison (6L in 1907, published a detailed 
description of blackleg as it occurred in Canada. He described the 
pathogene as a Bacillus slightly different from those already reported and 
named it B. solanisaprus . In 1911, Pethybridge and Murphy (16) at¬ 
tributed the disease in Ireland to B. melanogenes , which they found to 
differ slightly from the previously described organisms. Morse (14), in 
1917, published the results of comparative studies of B. atrosepticus van 
Hall, B. solanisaprus Harrison, B . melanogenes Pethybridge and Murphy, 
and three cultures isolated from diseased potatoes in Maine. Although 
some slight differences were found, such as “slight variations in size, shown 
more particularly by B . solanisaprus and IIIA, and the production of a 
slight viscidity on different kinds of media shown by B. solanisaprus and 
B. melanogems, n he concluded that they “should be classed as one species 
or at the most, strains of the same species.” On the grounds of priority 
the name B. astrosepticus van Hall was held to be valid. Unfortunately, 
an authentic virulent culture of B. phytophthorus Appel was not included 
in the comparison. 

Jennison (7), however, has repeated and extended this phase of Morse’s 
work, comparing twelve strains of the pathogene, including a virulent cul¬ 
ture of Appel’s original strain of B. phytophthorus, as well as cultures of 
the other three so-called “species.” Jennison agreed with Morse that 
the Blight differences were not sufficient for species characterization. He 
also agreed with Morse that the pathogene should bear the name B. astro- 

1 Published with the approval of the Director as Paper No. 927 in the Jour¬ 
nal Series, Minnesota Agricultural Experiment Station. 
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septicus van Hall. Smith (19), however, preferred to use the name B. 
phytophthorus Appel. 

Paine and Chaudhuri (15), in 1923, using a culture of B. astrosepticus 
isolated and identified by Paine in 1917 and one of B. solanisaprus obtained 
in the same year from the American Museum of Natural History, found 
the two to differ in several important respects, such as resistance to heat, 
type of decay on potato tubers and stems, and gelatine liquefaction. 

St. John-Brooks, Nain, and Rhodes (17), in 1925, compared several 
strains of B. carolovorus, two strains of B. phytophthorus, and one of B. 
solanisaprus . All strains except one of B. carotovorus produced identical 
reactions in sugar media and behaved alike on other media but were found 
to differ serologically. 

In the course of a study of the relation of the seed-corn maggot and 
potato blackleg, the writer had occasion to isolate a large number of cul¬ 
tures of bacteria from the different stages of the insect, from the soil, and 
from potatoes affected with blackleg. Many of the cultures proved patho¬ 
genic to potato tubers and stems. Since B. carotovorus Jones is known to 
be pathogenic to potatoes and since the seed-corn maggot is known to breed 
in plants which are recognized hosts for B. carotovorus , it w*as expected 
that some of the cultures would prove to be this organism. Therefore, an 
effort was made to distinguish B. carotovorus from the blackleg pathogene, 
but it was found impossible to do so. Although there were slight varia¬ 
tions in minor cultural characteristics among the cultures isolated, they all 
had the same primary characteristics as indicated by the index number* 
5010-32120-0111. For closer comparison, a culture of B. carotovorus 
Jones was obtained from Professor A. B. Massey. This was said to be a 
subculture of Jones’s original type culture designated as 3a (12). This 
culture was found to be identical with an authentic culture of the blackleg 
pathogene (B. phytophthorus Appel I) obtained by the writer from E. F. 
Smith, in so far as primary characteristics were concerned, although there 
were a few differences in minor cultural characters. The most pronounced 
difference was the production of less black pigment by B. carotovorus 
Jones 3a on potato tubers and stems. When this character was used in an 
attempt to identify the unknown cultures so many intermediate forms were 
found that it was imjftqpM* to da so. Massey (12) was able to distinguish 
B. pkytophthorm and B. carotovorus on the basis of the production of 
acid W toe latter on 5 per cent alophol agar. This test was used by the 
writer* rise, put numerous other pathogenic cultures isolated from rotting 
canttts, cabbgge, celery, bnions, and iris, otherwise answering the deserfp- 
tton at 00*4ovorus, did not show this property. Since there appeared 

*Tbb Itiptfr#** chart of the tfeeiet ;j of American Bacteriologists. 
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to be strains of JB. carotovorus that did not possess this property it was felt 
that the test could not be relied on for identifying the species. 

Kotila and Coons (10) showed that B. astrosepticus produced a toxic 
substance that would diffuse through a colloidal membrane and cause 
potato leaves to wilt. They also showed that 5 cc. of a broth culture of B . 
astrosepticus added to a nutrient solution containing the uninjured roots 
of a potato plant would not infect the plant but would produce a substance 
that was toxic to it. They conclude that, “ B . astrosepticus seems to possess 
the power of producing a toxic substance which affects potato ceils so as to 
allow blackening, probably oxidation, to ensue, while B. carotovorus which 
softens potato tissues under some conditions without blackening, does not 
possess this powder. ” 

These authors, however, did not report any experiments to show whether 
B. carotovorus would likewise produce a toxic substance. The writer, 
therefore, made experiments both with B. carotovorus and B. astrosepticus . 
It was found that both cultures produced a toxic substance that wilted 
cut leaves and caused the yellowing and ultimate death of plants grown 
in water cultures to which 5 cc. of broth cultures had been added. This 
property therefore could not be used in identifying the cultures. 

The similarity between the blackleg pathogene and B. carotovorus Jones, 
the cause of a soft rot of many succulent plants has been recognized by 
many workers. After comparing several cultures of bacteria causing soft 
rots. Smith (19), stated that B. phytophthorus was “not sufficiently dis¬ 
tinguished from Bacillus carotovorus Jones, which name is earlier. ” 

Harding and Morse (3>, working in collaboration with Jones, made a 
detailed physiological study of forty-three strains of bacteria causing soft 
rot of plants. They found that the strains could be separated into six 
groups on the basis of their action on dextrose, lactose, and saccharose. 
They did not consider these differences sufficient to justify the recognition 
of six different species but regarded the cultures as somewhat variant 
strains of a single species. Jones (9) also made a study of the enzyme 
activity of the same strains studied by Harding and Morse. He found 
considerable variation in this respect and presented the results as “con¬ 
tributing further evidence to the general likeness of these strains and 
partly as emphasizing the minor variations w*hich we believe must always 
be expected to occur with different bacterial strains, even of the same so- 
called species. 9 ’ These differences, however, are equally great, as the dif¬ 
ferences on which the various “species” of the blackleg pathogene have 
been distinguished from each other and from B. carotovorus . To facilitate 
comparison the index numbers of the principal soft-rotting bacteria as 
determined by various workers have been assembled in table 1. 
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From this summary it will be noted that the chief point of difference 
between B. carotovorus 3a and the various “species” of the blackleg 
pathogene is in their diastatic properties. Jones (9), Harding and Morse 
(5), Smith (19), and Mehta (13) report B . carotovorus Jones as possessing 
diastatic properties usually designated as weak. Harrison (6), Morse 
(14), Mehta (13), and Pethybridge and Murphy (16) attribute diastatic 
action to the blackleg pathogene also, while Jennison (7), Shapovalov and 
Edson (18), and van Hall (4) found no action on starch by the latter 
organism. The present writer when comparing the two organisms side by 
side was unable to obtain a positive diastatic reaction with either. A study 
of the literature shows that these differences can, in all probability, be 
attributed to differences in method. Those workers reporting positive 
diastatic action have generally used the old method in which the organism 
is cultured on potato plugs and later treated with an alcoholic solution of 
iodine, decolorization of the iodine solution being considered evidence of 
diastatic action. Later workers generally have used the starch-agar method 
recommended by the Society of American Bacteriologists. By this method 
both cultures react negatively. 

A careful comparison of the data published by various workers dealing 
with the various soft-rotting bacteria reveals the following facts: 

1. The differences between the various “blackleg pathogenes” as de¬ 

scribed by different workers are as great as or greater than those 
which are supposed to distinguish them from B. carotovorus . 

2. The differences found by various workers using, presumably, the same 

organisms are as great as or greater than those used for distinguish¬ 
ing the blackleg pathogenes from B. carotovorus. 

3. The differences between the six groups of soft-rotting bacteria de¬ 

scribed by Harding and Morse, of which B. carotovorus is the type, 
are greater than those which are used for distinguishing the black¬ 
leg pathogenes from them. 

4. The revised description of the blackleg pathogene as given by Jen¬ 

nison (7) agrees in all essential details with the recognized char¬ 
acteristics of B . carotovorus . 

Many workers have observed the morphologic and physiologic similarity 
of these organisms, but they usually have considered slight physiologic 
differences sufficient for differentiating two separate species. The recog¬ 
nition of these slight physiologic differences by different specific names has 
apparently carried with it an implication of parasitic differences. Jones 
(8), in his fifcjrt paper on B. carotovorus, reported unsuccessful attempts 
to infect potato tubers but, in a footnote, states that later inoculations were 
succMKfnt Smith (19) later showed that this organism was readily 
pathogenic to*potet$ tubers and stems. However, it was not until 1926 



TABLE 1 .—Summary of the primary characteristic* (represented by index numbers) of various soft rotting bacteria, as described by vari¬ 
ous workers 
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the blackleg pathogene by Jenni*on. 
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(11) that a natural infection of potato tubers due to B. carotovorus was 
reported. In so far as the present writer has been able to learn, no one 
has yet recorded in literature a natural primary infection of potato stems 
due to B. carotovorus . Is this due to the inability of B. carotovorus to 
infect the potato plant under natural conditions, or have we been deceived 
by the names applied to these organisms and assumed that all soft rot of 
carrots is due to B. carotovorus and that all soft rot of potato stems is due 
to B. phytophthorust 

If it is true that B. carotovorus is pathogenic to potato tubers and stems 
and that the blackleg pathogene is pathogenic to carrots and other vege¬ 
tables, it does not seem reasonable that they should be so closely specialized 
in their attack on these plants in nature. In studying this question sev¬ 
eral strains of virulent soft-rotting bacteria were isolated from carrots, 
onions, cabbage, celery, iris, and potato tubers and stems. Cross inocula¬ 
tions were made and all of the cultures, without exception, were found 
strongly parasitic on all of the hosts. Some slight differences were ob¬ 
served in minor cultural characters, but all the cultures were identical 
in so far as the major physiological tests were concerned. They all had 
the index number 5010-32120-0111. Some slight differences in color of 
the decayed tissues were observed, but this character was very variable, 
being influenced by the variety of host plant used, the age of tissue, the 
humidity of the incubation chamber, etc. It was quite evident, however, 
that certain of the cultures differed in amount of pigment produced under 
the same conditions. 

One of the most consistent differences between B. carotovorus and the 
blackleg pathogene as reported by various writers is the so-called “inky 
black” discoloration of tissues affected with blackleg, which is absent in 
tissues affected with B. carotovorus. The culture used by the WTiter, 
designated as B. carotovorus Jones 3a, was definitely characterized by the 
production of less pigment than most of the cultures studied. On the other 
hand, several cultures obtained from carrots, onions, and cabbage produced 
more pigment than certain cultures isolated from typical blackleg plants. 
It should be stated here also that the inky black discoloration so frequently 
mentioned in descriptions of blackleg is not always characteristic of the dis¬ 
ease as it occurs in Minnesota. Potato tissue killed by almost any organ¬ 
ism will turn black when thoroughly dried and oxidized, but tissues while 
in the process of decay by the* blackleg pathogene are more frequently dull 
brown than inky black. The black Color usually appears after the tissues 
haveb&eome relatively dry. 

Lacey (11$ compared B. carotovorus with several other soft-rotting 
organisms and wsdnded that “cultural, pathological, and serological tests 
all sborif Wt a (dose relationship exists between the three species, & 
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carotovorus, B. solanisaprus, and B. phytoph thorns, but there are never¬ 
theless sufficiently marked and constant differences to warrant their con¬ 
tinued separation into different species.” Stapp (20), on the other hand, 
has compared many strains of the blackleg pathogene with B. carotovorus 
and other similar organisms. He classified them into five groups on the 
basis of serological and physiological differences but proposed to include 
all five groups in one common and uniform “Bacillus phytopkthorus - 
group.” Inasmuch as our concept of what constitutes a species among the 
bacteria is extremely vague, it appears to be only a matter of opinion as 
to whether a distinct specific name should be given to each of these soft- 
rotting organisms. The writer is inclined to favor the idea proposed by 
Stapp of including all in one species, but on the basis of priority it ap¬ 
pears that B. carotoi'orus would be the correct name because B. 
carotovorus was described two years before B. phytopkthorus . 

Stapp (20) recognizes that the name B. carotovorus is earlier but feels 
that it should not be used because: 

44 . . . 1. Jones seinem Bakterium einen von der Kulturpfianze (der 
Karotte), von der er den Erreger isoliert hatte, abgeleiteten Xamen gegeben 
hat und garnicht wusste, dass dieser Mikroorganismus auch eine wirt- 
schaftlich bedeutend wiehtigere Krankheit hervorzurufen imstande ist und 
(dass) 2. der allergrosste Prozentsatz der zahlreichen von mir vergleiehend 
gepriiften Bakterienstamme serologisch vollig mit deni Originalstamm von 
Bar. phytopkthorus Appel iibereinstimmt. ...” 

The writer has no desire to quibble nor to add to the great amount of 
confusion already existing in regard to the name of the blackleg pathogene, 
but it does not appear to him that the above reasons are sufficient for dis¬ 
regarding the priority of the name B. carotovorus Jones. 

At any rate, it must be recognized that potato blackleg is a bacterial 
soft rot and may be caused by several closely related strains of bacteria 
and that these same bacteria may cause a soft rot of many other plants. 
If we separate the 44 soft rot” group of bacteria into seperate species on 
the basis of minor physiological differences we must recognize that potato 
blackleg can be caused by B. carotovorus as well as by B. phytopkthorus * 
In other words, potato blackleg is considered to be nothing more than 44 soft 
rot” of the potato. The distinctive characters of the disease are due 
primarily to the nature of the host plant rather than to the causative agent. 
The potato being propagated by tubers is more subject to infection than 

* Bacillus aroideac Townsend has not been considered in this discussion. It has 
been isolated only a few times In the course of this work. There appears to be some 
justification in considering this organism as a distinct species on the basis of its reac¬ 
tion on sugar media and of other cultural characteristics. It is, however, pathogenic to 
potatoes. 
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most plants propagated by seed. The transmission of the organism through 
infected seed pieces and the tendency of decayed potato tissue to form a 
black pigment upon oxidation have been factors contributing to the dis¬ 
tinctive character of the disease when affecting the potato. 

SUMMARY 

The similarity of the bacteria causing potato blackleg to B. carotovorus 
causing soft rot of carrots and other vegetables led to a comparative study 
of numerous strains of pathogenic bacteria isolated from various host 
plants. A comparison of the morphologic, physiologic, and parasitic char¬ 
acteristics of these cultures showed that there is little justification for 
recognizing different species within the group. All of the bacteria studied 
uvere equally pathogenic to potatoes and a large group of succulent vege¬ 
tables and were identical in so far as primary characters are concerned. 
There appears, however, to be a fairly large number of strains varying in 
minor characteristics, but there is no evidence of parasitic differences be¬ 
tween those isolated from potatoes and those isolated from other vegetables. 
The conclusion is reached that blackleg is nothing more than soft rot of 
potato and that the bacteria previously designated as B. phytophthorus 
Appel, B . astrosepticus van Hall, B. solantsaprus Harrison, and B . melano- 
genes Peth. and Murph. are merely strains of the earlier-described species, 
B. carotovorus Jones. 

University Farm, 

Saint Paul, Minn. 
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PHYTOPATHOLOGICAL NOTES 


Ineffective nature of iodine dust as a fungicide against Tilletia caries .— 
In 1928 it was suggested to the writer that iodine dust, mixed with an in¬ 
fusorial earth, might be useful as a fungicide against bunt of wheat In 
order to test this chemical the following plots w f ere laid down: Little Joss 
wheat was contaminated with bunt spores from the variety Victor at a rate, 
approximately, of one part of bunt balls to tw enty-five parts of wheat. This 
sample of wheat was divided into ten portions. Of these two were treated 
with copper carbonate dust, two with 1$ per cent of iodine dust, two with 
3 per cent of iodine dust, and two with 3 per cent iodine dust, and the re¬ 
maining two were not treated. The treated samples were dusted in each 
case at the rate of 2 ozs. of dust to the bushel of wheat. Five plots were 
sown in the winter, 28th of November, 1928, and five in the spring, 15th of 
March, 1929. Each of the winter-sown plots consisted of twelve rows, a 
row being ten feet; but each spring-sown plot consisted of three ten-foot 
rows. At harvest a total head count was made and the percentage of bunted 
heads determined. The results of these experiments are given in table 1. 
From these results it appears that iodine dust is of no use as a fungicide 
for Tilletia caries. It is stated, however, by Sayre and Thomas 1 * 1 that 
excellent results wrere obtained against oat smuts by the use of iodine vapor 
dust, made by mixing finely ground solid iodine with infusorial earth, the 
dust containing 5 per cent by weight of iodine. On the other hand. 
Horsfall® states that under the conditions of his Ithaca experiments, iodine 
dust was ineffective. Since these American results are antagonistic, this 
writer thought it would be of interest to communicate the results of his 
experiments on the use of iodine dust against bunt in wheat.—W. A. R. 
Dillon Weston, M.A., School of Agriculture, Cambridge, England. 

1 8nyre, J. D., and R. C. Thomas. New dust treatment for oats smuts. Science 
n. s. 66:398. 1027. 

a—-—-- New dust treatments for oat smuts. Phytopathology 18: 180. 

1028. 

8 Horsfall, J. Q. Dusting seed for oat smuts. Phytopathology 19: 173-175. 
1920. 
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TABLE 1 


Winter-sown 

Plot No. and variety 

Treatment 

Percentage 

of 

bunted heads 

1586 

Little Joss contaminated 

2 osa. of 

2 

1587 

with Victor bunt 

copper carbonate 

0 

1588 


to the bushel of 

4 

1589 


wheat 

Less than 1 

1590 



1 

1591 



0 

1592 



0 

1593 



0 

1594 



0 

1595 



0 

1596 



0 

1597 



3 

1598 

Little Jose contaminated 

2 ozs. of iodine dust, 

9 

1599 

with Victor bunt 

3 per cent, to the 

11 

1600 


bushel of wheat 

12 

1601 



13 

1602 



4 

1603 



13 

1604 



9 

1605 



4 

1606 



3 

1607 



12 

1608 



12 

1609 



17 

1610 

Little Joss contaminated 

2 028 . of iodine dust, 

15 

1611 

with Victor bunt 

1 $ per cent, to the 

11 

1612 


bushel of wheat 

8 

1613 



16 

1614 



14 

1615 



7 

1616 



19 

1617 



5 

1618 


' 

14 

1619 



7 

1620 



9 

1621 

• 


15 

, 1622 

Little Jon contaminated 

2 on. of iodine dust, 

17 

l«2t 

with Victor bunt 

5 per cent, to the 

6 

1*24 


bushel of wheat 

8 

4625 



6 

U* 



is 

16ft 



IT 
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TABLE 1- 

-( Continued) 


Winter-sown 

Plot No. and variety 

Treatment 

Percentage 

of 

bunted heads 

1628 



8 

1629 



17 

1680 



5 

1631 



14 

1632 



4 

1633 



15 

1634 

Little Jom contaminated 

Nontreated 

2 

1635 

with Victor bunt 


15 

1636 



8 

1637 



8 

1638 



11 

1639 



13 

1640 



12 

1641 



14 

1642 



16 

1643 



20 

1644 



8 

1645 



16 

Bpring-sown 




2175 

Little Joss contaminated 

2 oss. iodine dust. 

0 

2176 

with Victor bunt 

U per cent, to the 

0 

2177 


bushel of wheat 

2 

2178 

Little Joss contaminated 

2 oss. iodine dust, 

0 

2179 

with Victor bunt 

3 per cent, to the 

0 

2180 


bushel of wheat 

0 

2181 

Little Joss contaminated 

2 oss. copper carbonate 

0 

2182 

with Victor bunt 

dust to the bushel 

Less than 1 

2183 


of wheat 

0 

2184 

Little Joss contaminated 

Nontreated 

0 

2185 

with Victor bunt 


Lena than 1 

2186 



2 

2187 

Little Joss contaminated 

2 oss. iodine dust, 

11 

2188 

with Victor bunt 

5 per cent, to the 

6 

2189 


bushel of wheat 

3 
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A Bacterial Disease of Tung-Oil Tree .—In October, 1929, the writer 
observed for the first time a prominent spotting o£ the leaves of the tung-oil, 
or wood-oil, tree ( Aleurites fordi Hemsl.)in southern Georgia. The spot 
was readily recognized as bacterial in character because of the immense 
number of bacteria in young and moderately old lesions and of the almost 
total absence of other organisms. This determination was confirmed by 
Lucia McCulloch, who examined material submitted to the Office of Mycol¬ 
ogy and Disease Survey, United States Department Agriculture. Necrotic 
lesions were present, also, on the trunk and petioles of young trees heavily 
affected with the leaf spot and are suspected to have the same origin. 

The occurrence of this disease seems to be of considerable interest, in¬ 
asmuch as there appear to be no bacterial diseases described for any of the 
five species listed for Aleurites (-1. fordi Hemsl., A . montana (Lour) Wils., 
A. cordata R. Br., A . moluccana Willd. [syn., A . triloba ], and A. trisperma 
Blanco [syn., A. saponaria]) in their native habitats or elsewhere; and no 
bacterial leaf spots for any of the related plants, i.e. 9 Euphorbiaceae, in this 
country. For conditions in Florida, 1 the belief has been expressed that 
A. fordi, on being introduced into the United States, brought none of its 
native insect pests or diseases with it, and, at that time, the plant in Florida 
showed no disease except the common root-knot disease ( Caconema radici - 
cola). A survey of tung-oil plantings in southwestern Georgia revealed 
the presence of the leaf spot, together with bark and petiole lesions, in each 
of the three nurseries inspected, and the leaf spot in all five orchard plant¬ 
ings visited, ranging in age from two to eight years, as well as in most of 
the scattered ornamental trees of various ages and locations. The oldest 
trees on which leaf spot was observed were isolated plants reported to be 
about thirty years old. The disease was prominent, however, and notably 
injurious in only one planting, i.e. f a thickly planted nursery of one sea¬ 
son’s growth containing comparatively rapidly growing, succulent trees. 
It seems, therefore, that the disease may not be necessarily very recent in 
its occurrence in the State or limited in its distribution. 

In regard to the economic importance of the disease, it might be stated 
that in case the tung-oil industry in the Gulf States continues to increase in 
extent as it has during the past few yearg^it may prove of some importance. 

The manner in which the disease is spread is not known. The fact, 
however, that it occurs in Georgia in nearly all plantings examined, sug¬ 
gests its probable occurrence on other common host plants or that the causal 
organism may be readily seed-disseminated. 

THe leaf Spots are characteristic of the angular type of bacterial lesions 
o$ such oJgatfs, are decidedly delimited by veins (Fig. 1, A), brown to black 
m the qgpper side and yettoipish brown on the lower surface, and are aur- 
H 'mm,% T|ajN*wiVW la Florida. Fla. Agr. Exp. Sta. Bui. 171. 1984. 
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Flo. 1. A. Upper surface of tung-oil leaf showing characteristic spotting by the 
bacterial disease. Center of older lesions, reddish brown to yellowish brown in color. 
B. Lesions on a leaf petiole. C. Trunk bark of trees affected with the bacterial leaf 
spot. A, about § natural site. B and C, about natural site. 

rounded by a slightly water-soaked, faintly yellowish halo of indefinite 
width. The lesions may coalesce to form large areas of dead, easily broken 
tissue, thus imparting a torn and ragged appearance to the leaf. The ac¬ 
companying lesions on the petioles (Fig. 1, B) are long, and brown and 
extend into the cortex; those on the bark (Fig. 1, C) round to oblong, brown 
to black in color, extending into the wood. 

In the heavily infected nursery planting referred to above, practically 
every tree in the three to four acre plot showed leaf infection, and many 
plants, notably those in certain scattered spots that appeared to represent 
points of primary infection, showed all of their leaves severely spotted and 
many badly torn. There was indication that secondary spread had been 
brought about by wind-blown rain and by workmen and teams during cul¬ 
tivation. Observations in general suggested that only relatively young 
tissues of well-nourished, rapidly growing young trees are likely to undergo 
severe injury during such a season. In no instance did trees four years old 
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or older Bhow marked injur;', regardless of health or rapidity of growth.— 
0. C. Boyd, Formerly Plant Pathologist, Georgia State Board of Ento¬ 
mology. 

Some microscopic characters of the rot earned by Ganoderma Curtisii. 
Ganoderma Curtisii (Berk.) Murrill is very common on various species of 
hardwood trees along the southern Atlantic coast and extends inland as far 
as western Texas. It is easily identified by certain well-marked gross char¬ 
acters that differentiate it from all other species of Qanoderma. It fre¬ 
quently occurs on various species of oak, usually on the stumps and on old 
wounds at the base of living trees. It is one of the principal fungi that rot 
the roots of dead oak trees, thereby loosening them so that the stumps can be 
easily pulled from the soil. 

Macroscopic characters of the rot. This fungus usually produces a soft 
indeterminate white rot with gross characters but little different from other 
similar rots of dead timber. 

Microscopic characters. The characters herein given were taken from 
an early stage of the rot found in live oak, Quercus virginiana Mill. 

When the vessels are treated with phloroglucin they stain a deep pink 
and show no indication of any corrosion of their bordered pits; no cellu¬ 
lose reaction obtains. The middle lamellae of the vessels are destroyed by 
the action of the fungus, as is evidenced by the isolation of the vessels 
when seen in tangential view. The middle lamellae in the large medullary 
rays are often dissolved, and the walls of the ray cells show yellowish to 
blue when treated with chloriodide of zinc. Many of the ray cells and 
tracheids stain purple, showing delignification. 

The bordered pits of the tracheids are uniformly corroded into large 
round holes which often coalesce, causing the cell to rupture under stress 
along this line of weakness. The tangential walls of both large and small 
medullary rays are much perforated, with the holes often uniting. The 
cells in some of the large rays are entirely destroyed. 

Hyphae are found in the cavities of the vessels, and yet their walls and 
pits are apparently not attacked. Many of the vessels are filled with 
hyaline hyphae two microns or less in size. Hyphae can also be seen per¬ 
meating the tracheids, medullary rays, and other elements, running both 
longitudinally and transversely through them.— W. H. Long, Forest Pa¬ 
thology, Bureau of Plant Industry, Albuquerque, N. Mex. 

* 

Polyporumdryadeus, & root parasite on white fir. —While on field work 
ill jrh*t,is known as Tejano Canyon in the Sandia Mountains near Albu- 
querqua^New Mexico, the writer found many dead and dying trees of 
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white fir, Abies concolor Lindl. & Gord. Some of the trees were more than 
two feet in diameter, while others were small saplings. An examination of 
the diseased trees showed them attacked by some root parasite. Trees were 
found in all stages of the disease. Many were still alive but in a dying 
condition. In such cases all the larger roots were dead and in a rotten 
condition, while a few of the smaller surface roots were still alive but with 
their tips dead, and the disease was progressing along the roots toward the 
base of the tree. On some of the larger trees, sporophores were found at¬ 
tached to the collar of the tree. Old as well as fresh ones were found, some 
even in the sporulating stage. Specimens of various stages of the rot and 
of the sporophores were collected for study. These specimens agreed with 
Polyporus dryadeus in all essential characters, both gross and microscopic. 

In a previous paper 1 the writer described this fungus as it occurs on oak 
and also called attention to a collection from the State of Washington on 
Tsuga heterophylla (Raf.) Sarg. It is now reported from another conifer, 
white fir. A collection has also been seen from California on this last host. 

The old sporophores on white fir have the hynienium with tubes split¬ 
ting into irregular areas. The surface of the pileus. in weathering, splits 
into irregular polygonal scale-like areas that separate slightly from each 
other. The fission is more or less parallel to the surface of the pileus. The 
weathered pileus is dark brown to almost black. The pileus of the fresh 
sporophores is typical of the eastern specimens of this fungus as it occurs 
on oak. 

The setae were cat-claw shape, dark chestnut brown, thick-wall. 10 to 12 
microns thick at the base by 25 to 30 microns long, averaging 11.5 by 26 
microns. The spores were hyaline, obovate to globose, ranging from 7-8.5 
by 7.5 to 10 microns, average 7.25 by 8.25 microns, usual size 7 by 8.5 
microns. These characters of setae and spores agree with those found 
on oak.—W. H. Long, Forest Pathology, Bureau of Plant Industry, Albu¬ 
querque, N. Mex. 

1 Long, W. H. Polyporus dryadeus, a root parasite on the oak. Jour. Agr. Boa. 
1: 239-250. 1913. 
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STUDIES OX THE OVERWINTERING OF PHYMATOTRICHUM 

ROOT ROT* 

J. J. Tai'bekhavs and Walter N. Ezekiel 
INTRODUCTION 

Though the cotton-root-rot disease, caused by Phymatotrichum 
omnivorum (Shear) Duggar, has been studied since 1888 (6), the develop- 
ment of successful control methods has been impeded by incomplete knowl¬ 
edge of the life history of the organism. The present pfcper includes the 
results of some studies on the means by which the fungus overwinters. In 
another paper (10), we have summarized experiments which indicated that 
the fungus spreads from plant to plant during the growing season, along 
the roots, which are the known avenues of spread. It appears from this 
previous work and the experiments reported below that living infected 
roots and sclerotia or dormant strands are the important means by which 
the fungus overwinters. So far as -we know, it probably does not survive 
in the soil in a vegetative condition independently of roots. 

I. OVERWINTERING ON INFECTED ROOTS 

It haR already been indicated (11) that infected live roots of susceptible 
hosts offer a ready means for the overwintering of root rot. Casual ob¬ 
servers, even planters who have grown cotton for over forty years, have 
considered that, since the tops of the plants always succumb to the first 
killing frost in the fall, the roots are killed by the frost also. We have 
found that, although the tops of cotton plants are killed by frost, many 
of the roots of such plants remain alive through the winter. The root-rot 
fungus hibernates on roots apparently by gradually spreading during fall, 
winter, and spring and infecting the parts of the roots that were still 
normal at the time of frost. 

The results presented below support the conclusion that P. omnivorum 
remains viable on infected roots in the ground only so long as such roots 
remain at least somewhat alive and apparently only in the vicinity of 

1 Paper read at the Dee Moines meeting of the American Phytopathological Society 
And published with the approval of the Director as Technical Contribution No, 95 of 
the Texas Agricultural Experiment Station. 

761 



762 


Phytopathology 


[Vol. 20 


the living tissue. In these experiments, we have studied by various meth¬ 
ods the viability of the fungus on roots of varying stages of decay. Such 
■infected roots, to be tested in cultures as inoculum or in other ways, were 
in general classified or described as “living” or “decayed.” We have 
classified as living all those infected roots with definite areas of live tissue 
irrespective of the amount present and including all stages from completely 
normal roots to roots nearly decayed but with occasional streaks of remain¬ 
ing live tissue. All other infected roots were classified as decayed, a group 
which therefore included roots with all tissues dead and also the occasional 
instances in which it was difficult to tell whether all the tissues were actually 
dead. Thus, infected roots were classified as living only when there was 
no doubt that such roots, though partly invaded by the root-rot fungus, 
contained large or small areas of living tissue; while the roots classified 
as decayed included those entirely killed by the fungus and also some roots 
in which, though the greater portion of the tissues was dead, there remained 
doubtful traces of live tissue. 

Most cotton roots infected with root rot are readily grouped into the 
classes defined above because of the characteristic visible demarcation be¬ 
tween the root-rot lesions and the noninvaded portions. The diseased areas 
are dark, softened, and sharply depressed; while the sound, noninvaded 
areas retain their normal color and turgidity. After the disease has in¬ 
volved the entire surface of the roots, there remains for a time some living 
tissue within the central cylinder. It was therefore necessary to cut into 
roots whose entire surfaces were decayed to find whether the decay was 
perhaps superficial only or extended to the center. This was done some¬ 
times by sectioning with a knife or clippers or very frequently by thrusting 
the thumb nail into the tissues. By this test, we found it simple to differ¬ 
entiate the turgid, live tissues from the disorganized and softened decayed 
tissues. As noted above, however, doubtful infected roots were classified 
as decayed. 

Winter survival of normal cotton roots .—In the springs of 1925, 1926, 
and 1928, taproots of normal cotton plants were pulled out to ascertain 
the condition of the roots after the winter. Table 1 shows that not only 
the taproots but also the laterals, and even many of the rootlets (Fig. 1, 
a and b) of the plants, had survived the winter, whether the plants were 
plowed under-or left undisturbed. The viability of these roots was deter¬ 
mined by visual examination, by cutting* into the epidermis and cambium, 
and also bft sprouting the roqts in water or sand. Lateral roots survived 
in Jaxge numbers, probably because they were more deep-seated and there* 
Acre less likely to be disturbed by the plow. 

hsfaettm #» ovorwiptered The winter survival of taproots and 

» lateral Mote of cottdn irsignificant here because such roots are frequently 
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TABLE 1 .—Overwintering of normal cotton roots, a$ shown by excavation and examination of roots 
in fields planted to cotton the previous season 





Number 

Percentage of roots alive 

Date and location 

Previous field treatment 

of plants 
examined 

Tap¬ 

roots 

Large 

laterals 


IBM 1 





i 


March 7 

Tyler 

Undisturbed 

200 

80 

1 85 

49 

tt 

tt 

Plowed under Nov., 1924 

160 

82 

73 

32 

April 4 

Brownsville 

Undisturbed 

146 

100 

98 

92 

<< 

tt 

Plowed under Nov., 1924 { 

300 

95 

90 

84 

April 6 

Temple 

Undisturbed 

500 

83 

70 

41 

<< 

a 

Plowed under Dec., 1924 

260 

82 

72 

40 

me 

March 6 

San Antonio 

Undisturbed 

600 

96 

93 

, 92 

i t 

a 

Plowed under Dec., 1923 

320 

90 

86 

70 

March 8 ^ 

Laredo 

Undisturbed 

260 

91 

90 

83 

tt 

« t 

Plowed under Dec., 1925 

400 

91 

87 

74 

March 17 

Dallas 

Undisturbed 

300 

80 

73 

65 

tt 

tt 

Plowed under Jan., 1926 

400 

60 

51 

45 

March 22 

Wichita Palls 

Undisturbed 

259 

60 

53 

47 

tt 

a 

Plowed under Jan., 1926 

365 

58 

39 

23 

March 29 

Balmorhea 

Undisturbed 

390 

48 

20 

20 

< t 

it 

Plowed under Dec., 1926 

451 

40 

23 

19 

19S8 

March 6 

College Station 

Plowed under Oct., 1927 

96 

86 

60 

42 

April 4 

San Benito 

Plowed under Sept, 1927 

382 

100 


90 

April 12 

San Antonio 

Plowed under Nov., 1927 

465 

91 

80 

71 

April 14 

Dilley 

Plowed under Oct, 1927 

260 

100 

91 

68 

April 10 

Laredo 

Plowed under Oct, 1927 

325 

92 

' 100 

100 


infected with root rot In table 2, observations are presented which show 
the frequent occurrence of root rot on the roots of cotton plants adjoining 
root-rot spots. Some of the plants found infected here doubtless were 
infected in fall, while others probably were infected as the result of winter 
spread, discussed below. Root-rot infection has similarly been found on 
the overwintered roots of many other perennial and biennial plants, non- 
cultivated as well as cultivated. 

Viability of P. omnivorum on oi'erwintered roots .—Cultures were made 
in attempts to isolate the fungus from infected material collected at dif¬ 
ferent times of the year. The method of culturing was that previously 
described (8). The organism was readily isolated from cotton roots col¬ 
lected during the fall, winter, and spring months, though it will be noted 
(Table 3) that the percentage of pure cultures obtained diminished as the 
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Tio. 1, a ahd b: Ov erwi ntered cotton root* found April, 1926, la a tingle excavation 
fa a fold M College Sfattoa; a, live root*; and b, dead root*, e aad d: Mew growth 
frotn cotton root*'jverwintertd in oat efabble fold, Bobertaoa County; c, aprouta front 
Ike overwintered epd ^ mature pleat, with cotton holla, developed from over* 
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TABLE 2 .-Boot-rot infection found in periodic field examination* of the living roots 
of cotton plant* pulled from slightly beyond the periphery of root-rot spot* 


B.U ft? ’“ ,h 


Sept., 1026 

College Station 

46 

12 

4 4 

Bryan 

200 

9 

t 4 

Bench ley 

79 

30 

4 4 

Temple 

300 

28 

Oft., 1026 

College Station 

160 

21 

41 

Bryan 

90 

19 

4 4 

Bench ley 

150 

17 

4 4 

Temple 

300 

24 

NV .. 1026 

College Station 

25 * 

16 

« 4 

Bryan 

100 

19 

4 4 

Bench ley 

100 

21 

Dec.. 1926 

College Station 

100 

14 

4 4 

I 

1 Temple 

300 

17 

Jan. 1927 j 

1 College Station 

100 

9 

44 i 

| 

1 Bench ley 

400 

13 

1 

! 

1 Temple 

i 

500 

17 

Feb., 1927 

College Station 

90 

7 

4 4 

, Temple 

300 

11 

March, 1927 

Bryan 

150 

9 

44 

Bench ley 

200 

11 

4 4 

j Temple 

500 

12 

April, 1927 

Bryan 

100 

6 

< 4 

Temple 

200 

9 

May. 1027 

1 

Bryan 

60 

5 

1 4 

Temple 

300 

7 


age of the material increased. The fungus was readily isolated from in¬ 
fected, living roots but not from roots which were infected but decayed. 

Viability of P . omnivorum as compared with Fusartum vasinfectum , 
on dried roots .—Isolations have been reported previously (Texas Sta. Bui. 
307, Tables 25 and 26) from infected cotton roots which were dried indoors 
and outdoors. Phymatotrichum could be obtained only from roots dried 
no more than twenty days. In contrast, isolations have been made from 
cotton plants infected with Fusarium wilt (Fusarium vasinfectum) which 
were exposed to air drying for various intervals. The results (Table 4) 
indicate that the Fusarium of cotton wilt, unlike P. omnivorum, is readily 
isolated from different parts of infected plants which have been dried for 
more than a year. We have also been able to isolate F . vasinfectum from 
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TABLE 3.— SenUt* of attempted isolation* of Phymaiotnc'hum omntvonm from living 
though infected eotton roote and from infeoted, decayed cotton roote 


Source of 
material 

Date of 
culturing 

Besults with infected, 
living roots 

Results with infected, 
decayed roots 

Number 

of 

tubes 

Percentage 
of tubes 
yielding 
pure cultures 
ofP. 

omnivorum 

Number j 
of 

tubes 

Percentage 
of tubes 
yielding 
pure cultures 
ofP. 

ommvorum 


Aug. 

16, 1926 

90 

12 

45 

0 


Sept. 

22, 1926 

111 

7 

316 

0 

Zemanek farm, 

Oct. 

18, 1926 

390 

6 

316 

0 

Benchley, Texas 

Dec. 

14' 1926 

518 

1 4 

260 

0 


Jan. 

16, 1927 

400 

2 

100 

0 


Aug. 

18, 1926 

210 

11 

210 

0 


Sept. 

24, 1926 

464 

6 

[ 209 

0 


Oct. 

20, 1926 

416 

5 

1 210 

0 

Williams farm, 

Dec. 

20, 1926 

414 

3 

| 270 

0 

Benchlej, Texas 

Jan. 

18, 1927 

200 

2 

87 

0 


March 

20, 1927 

119 

1 

52 

0 


Feb. 

23, 1928 

523 

2 

189 

0 


March 22, 1228 

427 

1 

136 

0 

1 


infected cotton plants which had succumbed to the disease and over¬ 
wintered in the field, while, as noted above, we have not been able to obtain 
P. omnivorum from cotton roots infected by root rot and decayed. 


TABLE 4.— Isolations of Fueanum vatvnfeelum from infected cotton plant* exposed to 
air drying, beginning July 14,1983 


Date of culturing 

Age of 
material 
in days 

Sept 

12, 1923 


60 

Oct 

11, 1923 


89 

Oct 

31, 1923 

m 

109 

Jan. 

17, 1924 - 

Hu 

187 

Jan. 

30, J924 

r „ tTWf>> 

200 

Feb. 

15, 1924 „ 


216 

litwii 

20, 1*4 

— - 

250 

July 

17, 1924 _ 


869 


Average number of Fusarium colonies 
per plate in culture from* 

Main stem 

Primary 

branches 

Taproot 

25 

23 




29 

33 


82 

16 

21 

24 

9 


11 

6 


9 

2 


5 


>Tin xamborat ptatm par writs varied from 12 to 24. 
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Viability of P. omnivorum on infected live roots .—The isolation results 
in table 3 indicated that the root-rot fungus overwinters in an active form 
on live, infected roots but not on decayed roots. The following experi¬ 
ments, planned partly with the idea of developing a rapid method of de¬ 
termining whether the fungus was viable in roots of various stages of 
decay, have furnished additional information on this point. The first 
method tried consisted of collecting infected cotton roots, wrapping them 
in moist cloth, and placing these bundles of roots and doth in various 
containers. Freshly infected living roots were compared by this method 
with older and with decayed roots. The results are given in table 5. With 


TABLE 5.—J Relative production of new strands of Phymatotrichum omnivorum from living 
though infected cotton roots and from infected , decayed cotton roots; 
roots placed in moist chambers the day collected 
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infected but decayed failed to yield any growth of P. omnivorum under 
the same conditions. 

The question now arose whether the profuse growth of the root-rot 
fungus obtained from the cotton roots in moist chambers would be able 
to infect a susceptible host. To determine this, sound turnip roots were 
placed in moist chambers with live, freshly infected cotton roots; and 
other turnips were placed in contact with infected but now decayed cotton 
roots. Each series was set up within eighteen hours of the time the cotton 
roots were collected, and the roots were kept moist continuously until used. 
The results are shown in table 6. The sound turnip roots placed in con- 

TABLE 6 . —Tests of the virulence of Phymatotnchum omnworum from cotton roots to 
turnips , by wrapping in moist cheesecloth IS sound turnips with each 100 
cotton roots and placing the bundles in moist chambers 



Results after four weeks 

Inoculum 

Root-rot strands present 
on cotton-root inouculm 

Percentage of turnip 
roots infected vuth 
root rot 

Check. Live, normal cotton roots; 500 
roots collected Oct. 25, 1927 

None 

0 » 

Live, infected cotton roots; 300 roots 
collected Nov. 1, 1927 

Strands profuse on 60 
per cent of roots, fair 
amount on 20 per cent; 
scant on 14 per cent; 
and absent on 6 per 
cent 


Live, infected cotton roots; 500 roots 
collected Nov. 2, 1927 

Strands profuse on 48 
per cent of roots; fair 
amount on 50 per cent; 
and scant on 2 per 
cent 

52 

Infected, decayed cotton roots; 2,000 
roots collected Nov. 5, 1927 

None 

0 


• Turnips sound and sprouting. 


tact with live, freshly infected cotton roots succumbed to root rot; while 
none of the turnips mined with sound cotton roots or with infected and 
decayed; roots were attacked. 

AGE^-INOCULUlt EXPERIMENT 

To determine further whether the fungus P. omnivorum remains viable 
t in the tissues of infected cotton roots after such roots are dead, inocula¬ 
tions of eOtton plants* were undertaken with inoculum consisting of the 
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roots of cotton plants which had succumbed to root rot at various intervals 
preceding the date of inoculation (Table 7). It has already been proved 
(8) that the roots from plants recently wilted from root rot can be used 
to inoculate healthy plants. 

During the season of 1928, cotton plants in the experimental field at 
College Station were inspected daily for the first above-ground symptoms 
of root rot. Those plants that showed the characteristic sudden wilting 
were marked with a label that indicated the date. There w*ere, therefore, 
available in September plants that had succumbed to rot rot quite recently 

TABLE 7 .—Inoculations of normal cotton plants with root inoculum from infected cot¬ 
ton plants , pulled at varying intervals after the plants wilted from root rot . 

Each lot of inoculum included SO taproots and was used to 
inoculate at least SO cotton plants 


Lot Xo. 

Description of inoculum pulled, and used in 
| inoculations, September 13,1928 

Results of inoculations; 
percentage of plants 
infected with root rot, 
November 2,1928 

Days since plants 
lilted from root rot 

Abundance of 
Phymatotrichum 
strands on roots 

1 

1 

■H-f 

92 

2 i 

4 

4-H- 

100 

3 1 

14 

-H- 

43 

4 1 

21 

+ 

0 

o 1 

28 

tr 

0 

♦i 

35 

tr 

0 

7 | 

42 

tr 

0 

8 

49 

tr 

0 

9 

56 

tr 

0 

10 

63 

tr 

0 


and had tops still green though wilted; other plants attacked during the 
middle of the season, with tops now dead but roots still alive; and, finally, 
plants that were attacked early in the season, with tops quite dried and 
roots almost completely disintegrated. Twenty plants were selected on 
September 13 for each of ten lots of inoculum. The intervals since the 
dates of wilting varied from one day for Lot 1 to seven, fourteen, etc., days 
by weekly intervals, to Lot 10 which consisted of roots from plants that 
had wilted nine weeks previously. The roots were removed from the 
ground after the soil around them had been loosened and care was taken 
not to lose the nearly disintegrated lower portions of the taproots of the 
more severely injured plants. In every case, however, the inoculum con¬ 
sisted of only the upper foot of the taproots rather than of the entire root 
systems. 
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Notes were taken on the state of preservation of these roots as pulled 
from the ground, before using them for inoculum in the inoculation series 
summarized in table 7. The more recently wilted plants had much the 
better-preserved roots. In Lot 1, the lesions had girdled the taproots but 
had involved only a small part of the tissues, most of which were still alive; 
and there was heavy mycelial growth over the surface of the roots. In 
Lot 2, the lower portion of the diseased areas had begun to disintegrate, 
and the fungus strands there were deteriorating, although the upper por¬ 
tions of all the roots were still alive and bore the thick, fibrous strands 
typical of P. omnivorum. In Lot 3, the disease had progressed farther 
and involved the greater portion of each taproot, but each root had still 
considerable living tissue above the decayed area. In Lot 4, the surfaces 
of the roots were disintegrated and frayed; and the fungus threads were 
scarce, adhered now only loosely, and had lost their normal color. Ap¬ 
parently, the only tissues still living were those at the surface of the 
ground, and in four of the twenty roots even this portion appeared dead. 
In the root inoculum of Lots 5 to 10 there were further progressive decay 
of the roots and deterioration of the fungus. Living tissue in these roots 
was confined to the extreme top of the taproots, and the number of roots 
in which even this restricted region remained alive decreased progressively 
to 2 roots in Lot 9 and to none in Lot 10. 

These selected taproots were used to inoculate large, normal cotton 
plants growing in metal cans of surface soil material of Lufkin fine sandy 
loam. The cans were twenty inches tall and fifteen and a half inches in 
diameter and contained about ten cotton plants, each. One of the pieces 
of cotton-root inoculum was used for each plant or occasionally for two 
plants. The plants were inoculated on September 13, 1928; brought into 
the laboratory October 30; and final notes were taken on the development 
of root rot on November 2, 1928. 

As may be noted from table 7, there was in this experiment a definite 
relation of the interval between wilting of plants and the date when roots 
were used as inocula with the ability of this root inoculum to transmit 
root rot. Of twenty-five plants inoculated with roots from plants wilted 
the previous day, twenty-three became infected with root rot. All of the 
thirty-four plants inoculated with the week-old inoculum were infected, 
while only ten of twenty-three plants inoculated with two-week-old inocu¬ 
lum showed symptoms 0 f root rot. Of the one hundred and twenty-seven 
cotton plants that were inoculated with taproot inoculum from plants that 
had wilted still earlier in the season, not one was attacked by the disease. 

, TM fungus appears to have been virulent on the taproots of freshly 
infected plants for a period of between two and three week after the toss 
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of the plants had wilted. Further experiments during the same season 
(3) indicated that the interval between infection and wilting is often two 
to three weeks also. The total time between infection of roots of the cotton 
plants and the time when the fungus was no longer virulent on the upper 
part of the taproots was probably between four and six weeks. 

It appears from this experiment that the root-rot fungus survived in an 
actively virulent condition only so long as some of the host tissues remained 
undecayed. It should be emphasized that the specific time of survival 
found here applies only to the particular seasonal and soil conditions of 
this experiment. Furthermore, it is to be remembered that only the upper 
foot of taproots was used as inoculum. This region is usually the first to 
be decayed, and, after the upper parts of the roots are dead, the root-rot 
fungus may still be spreading actively along lower roots which were in¬ 
fected later. The chain of events which includes infection, decay of the 
roots, and death of the root-rot fungus must of course occur much more 
slowly in winter. 

PHYMATOTRICHUM OMNIVORUM ON THE LIVING PARTS OF ROOTS 

Results of previous experiments (Tables 3, 5, 6 7), particularly in the 
isolation of cultures and the use of roots of diseased plants as inoculum in 
inoculation experiments, suggested that even on the roots of plants at¬ 
tacked by root rot the organism is usually present in a living condition 
only near parts of the roots as yet undecayed. Further test of this point 
was possible by a method in which portions of infected roots are thrust 
part way into moist, unsterilized sand in a moist chamber. In such soil 
chambers the root-rot fungus develops profusely from infected, live roots. 
This method appears quite valuable for determining the viability of 
Phymatotrichum on infected roots. On culture media, saprophytic or¬ 
ganisms present in the rotted portions of the roots may smother and obscure 
Phymatotrichum growth. With the soil chamber method, on the other hand, 
while for a few days there may be a superficial development of saprophytic 
organisms, notably Rhizopus, this early, fluffy growth soon vanishes. The 
more slowly growing Phymatotrichum strands do not appear to be affected 
by this superficial contamination but grow at approximately the same rate 
and to about the same distance over the soil in the contaminated as in the 
uncontaminated chambers. 

A preliminary series was started December 11,1926, with a cotton plant 
collected in our experimental field at College Station. This plant had been 
inoculated with root rot some months earlier and only the upper part of 
the taproot was now alive. The entire root, from the dead, decorticated 
tip up to the normal part above the root-rot area, was sliced into pieces 
two cm. long, each of which was thrust into moist Norfolk sand in a pint 
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Mason jar. In ten days there was a profuse development of Phymato- 
trichum strands from the two pieces from near the junction of rotted 
and normal regions. One of these pieces had a live central cylinder with 
only the cortex rotted, and in the other piece not only the central cylinder 
but also part of the cortex was still alive. No root-rot strands developed 
from the lower portions of the root, where it was completely decayed, nor 
from the normal piece from above the diseased area. 

On January 28, 1929, the taproots of six cotton plants of the 1928 
crop were pulled from the edge of a root-rot spot in a field at College Sta¬ 
tion. These were naturally infected plants. The roots were found to 



Fig. 2. Diagram of results of experiment on viability of Phymatotrichum in the 
living and dead parts of roots. In diagram, white areas represent portions of roots 
with cortex and wood alive; shaded parts, cortex decayed but woody cylinder alive; 
black areas, cortex and wood decayed. Boots cut into 2 cm. portions as indicated 
by horizontal lines; growth of strands from these portions when placed in soil chambers 
indicated by +, and no growth by 

be at least partly alive, although all of them were definitely affected by 
root rot. They were taken to the laboratory, lateral roots were elipped 
off, and the taproots were washed gently in distilled water. Each root 
was cut into short pieces about two qn. long. These pieces were placed in 
moist sand in separate Mason jars which were then covered with inverted 
petri dishes. ^Observations on possible growth from the pieces were con¬ 
tinued for five weeks. The results are presented graphically in figure 2, 
which, hetyever, includes only the four roots from which some Phyma- 
totrichum growth tins seqnred. Profuse Phymatotrichum strands de- 
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veloped from sections of three of these roots and somewhat less extensive 
growth from one of the sections from the fourth. It is to be noted that 
in no case did growth come from the completely decayed portions of the 
roots. It was always from the sections at the junction of the normal and 
diseased areas. Six of the seven sections from which root-rot strands 
developed included both normal and diseased cortical tissues. In the 
seventh section the cortex was rotted but the central cylinder was still 
sound and was contiguous to normal cortical tissue. 

These results indicate that P. ommvorum survives in an active condition 
only near the yet living portions of roots that are attacked by root rot 
rather than on the decayed portions of the same roots 

WINTER SPREAD OF ROOT ROT 

As we have found that the root-rot fungus is active on live, infected 
cotton roots during the winter months, it was of interest to determine 
whether the fungus might also continue to spread along the roots after the 
tops of the plants are killed by frost 

Two cotton fields m the Mcinity of (Allege Station were selected in 
the fall of 1**27 for these studies A single large isolated root-rot spot in 
one field and two well-separated spots m tlie second field offered the op¬ 
portunity of following spread that might occur Initial notes were taken 
on September 30, when first all plants dead or djing from root rot were 
pulled and then the plants along each row were pulled until all those with 
taproots definitely infected had been removed It was considered that the 
limit of the root-rot zone at the time was established when the final plant 
pulled had completely normal roots The zones thus established (shown 
by solid lines in figure 3 \ included presumably all the plants infected 
during the summer and up to September 30 

Later observations were made October 27, November 30, December 20, 
January 22, and February 20 Notes for the two later dates could not 
be secured for one of the fields of figure 3. a, in which the cotton was plowed 
under early m January. At each date, cotton plants were pulled around 
the entire periphery of the spots until the limits of root infection w^ere 
again established. The original area of the spots and the distances of 
spread were measured and are shown graphically in figure 3. a, b, c. 

It is evident from these preliminary results that considerable spread 
of root rot occurred even during winter along these cotton roots. The 
longest spread appeared to have been in Kow’ 10, figure 3, c. Here infec¬ 
tion advanced twelve feet along the row between September 30, 1927, and 
February 20, 1928. It is to be noted that in the next row\ 11, there was 
little advance of root rot during the winter. Similarly, in the other spot 
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F*g. 3. Spread of root rot along cotton roots during winter; a, in field with a 
■ingle large root-rot spot; b and c, in another field with two root-rot spots. Solid lines 
and arefs included by line A indicate limits of infection on the roots on September 30, 
1027; spread along roots during winter .to B, by October 27; to C, by November 30; 
to i> f by Deember 20; to E, by January 22; and to F, by February 20. 
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in this field (Fig. 3, b), spread in the upper part of Rows 4 and 5 was 
much more rapid than in Rows 2 and 3 during the first part of the winter; 
while, during January and February, spread continued in Rows 2 and 3 
but ceased in Rows 5 and 6. These results indicate not only the extension 
of root-rot spots during winter but also seem to explain in part the ap¬ 
parently “erratic” reappearance of root-rot spots, which has been men¬ 
tioned by many writers. These results further suggest that survival of P. 
omnivorum in an active vegetative condition during the winter months is 
the result of gradual spread of the fungus to previously normal roots or 
portions of roots. 

Relation of weeds to overwintering of root rot .—Farmers often sow 
oats or wheat between the rows of cotton plants as soon as the cotton has 
been harvested. The land is usually not plowed, the grain being drilled 

TABLE 8.— Cotton roots, weeds*, and root rot on weeds found in stubble of 192? oat 
field, that was in continuous cotton 1919-192? (Cavitt Sanch, 

Robertson County f Texas) 


i 

i 

Date of exca¬ 
vation 

Percentage of 
live, overwin¬ 
tered tap¬ 
roots 

Percentage of 
live, overwin¬ 
tered lateral 
roots 

Live, overwintered cotton roots 

March 2, 1928 

82 

73 

found in 0 excavations, 6 

f May 2, 1928 

42 

21 

ft. x 6 ft. x 3 ft., at each 1 

! August 2, 1928 

4 

0 

date indicated 

| September 1, 1928 

1*> 

0 


» The plants listed here were identified by Prof. H. Ness, late Botanist of the Texas 
Agricultural Experiment Station. 

b The 1927 roots still alive on September 1, 1928, had all sprouted before this date 
and matured a crop. 



Names of weeds 

Percentage root 
rot 


Sesban macrocarpa 

40 


Xanthium sp . 

21 


Croton monanthoffynvs 

17 


Sid a spinosa 

14 


Euphorbia humistrata 

12 

Weeds growing in oat stubble 

Croton capttatus 

7 

and affected by root rot, 

Aster extits 

7 

September 1, 1928 

Eupatorxum serotinum 

0 


| Iva cihata 

4 


Lcptilon canadense 

4 


Heterotheca subaxillarts 

3 


Ampkiachyns dracunculoides 

3 


Jacquemontia tamnifolia 

2 


Ambrosia psilostachya 

2 
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in between the rows of cotton. As shown in table 8, this practice favors 
the overwintering of cotton roots (Fig. 1, c and d) and also affords a good 
opportunity for root rot to survive and to be transmitted to the numerous 
susceptible weeds which invariably appear on stubble land. While oats 
or wheat may be valuable in a rotation system, the stubble land should 
be plowed after the grain crop has been harvested and weeds kept down 
thereafter, if the rotation is intended to reduce root-rot damage to future 
crops. 

Cotton and alfalfa growers in Texas have often noticed root rot ap¬ 
pearing in the first crop on newly cleared land. Excavations were made 
to determine the source of infection in such fields, and the results are sum¬ 
marized in table 1 of Texas Bulletin 393 (9). Early infections in newly 
cleared fields planted to cotton were traced to infected native vegetation 
which persisted in the cleared land. Sclcrotia may also have been present 
since they were not looked for in the excavations. 

It is not uncommon to find roots of various perennials, particularly 
shrubs and trees, persisting in cleared land which has been cropped for 
years. The roots of such plants continue to sprout year after year, in spite 
of attempts to destroy them with the plow. This is the case with oaks, 
pecans, and native species of walnuts, all of which are susceptible to root 
rot. In excavations made at Lancaster, Texas, to determine sources of 
early infection in cotton, several pecan sprouts were found from stumps, 
which, according to the records of the owner, had sprouted every year for 
the last forty years. When excavated, many old root-rot lesions, in some 
cases healed over, were found on the pecan roots, and there were also 
lesions of more recent origin, together with strands of P. omnivonim . As 
will be discussed below, large numbers of scierotia were also found in this 
field. 

The studies above help to explain the persistence of root-rot in many 
fields. Cotton roots as well as those of many perennial weeds persist in 
the soil, even though the tops are plowed under during the fall or winter 
months, as uprooting the taproots and turning them under again do not 
necessarily kill them. The deeper roots are not reached by the plow and 
are probably even more important than the superficial roots in the over¬ 
wintering of the fungus. 

Inoculation of normal cotton plants with overwintered , infected cotton 
roots. —In order to demonstrate the virulence of P. omnivorum from over¬ 
wintered* infected cotton roots, normal plants grown in the greenhouse 
were inoculated with root inoculum that had actually overwintered, undto- 
turfeed, in the field. This inoculum was secured in the lower Rio Grande 
Valley* at Weslaco, Texas, and was pulled in a field of overwintered cotton 
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in which many of the plants had already sprouted and developed consid¬ 
erable new growth Root rot had been present in this field during the 
season of 3928, and we found root rot on many of the plants on March 13 
1929 Infected taproots from overwintered cotton plants were taken to 
College Station and used to inoculate cotton plants growing m two large 
metal containers m the greenhouse Although no wilting occurred m one 
container, some of the roots were found to be infected when the plants were 
removed at the end of the season and all six of the plants m the other con¬ 
tainer became infected and died from root rot 

From the observations and experiments reported abo\e it is e\ident 
that one of the important ways m which P omnnoium survives the winter 
is in an actively growing condition on infected but still li\ing roots The 
large number of infected but undecaycd roots remaining m the ground no 
doubt offers an important source for earl} infections of the new crop 

If SCL1ROTI4 As MFVNS OI <>VFRW I\TFRING 
Early m the spring of 1929 numerous excavations were made in <o 
operation with II E Rea at San Antonio Lancaster Itasca and Rock¬ 
wall to find the source of earlv infections in fields of cotton In each 
place mentioned the cotton was on land kept in clean fallow during 192b 
but in cotton infected with root lot in 1927 A\ ith the exception of the 
Lancaster field the excavations in 1929 showed that the fields were freed 
from most it not all of the loots of root rot carriers However large 
numbers of scleiotia were found m excavation of the plants infected m 
1929 This was particularly the case at Rockwall and Lancaster where 
thousands of scierotia were found under a single infected plant It is 
piobable that the scierotia were produced on the infected cotton grown in 
the fields during 1927 Large numbers of scierotia were also found m 
infected fields of gaiden beets sugar beets and sweet potatoes m truck 
gardens m the vicinity of Wichita Falls and Iowa Park 

King and Loomis (4) were the first to discover m pure culture the true 
scierotia of the root rot fungus In the spring of 1929, Neal (5) found 
similar scierotia m cotton fields at Greenville and at San Antonio In the 
same spring of 1929, B F Dana S E Wolff, and H Dunlavy all of the 
Blackland Substation, found scierotia under infected cotton plants which 
grew on land which was kept in clean fallow during 1928 These observa¬ 
tions agree with those of Neal and indicate that scierotia are probably an 
important means of carry-over of root rot 

In addition to scierotia, as mentioned above, Dana found what appeared 
•to be dormant strands, separate or intermixed with the scierotia Similar 
strands were found by the writers m excavations at San Antonio, Itasca, 
and Lancaster, Texas These strands are smooth and void of the outer 



778 


Phytopathology 


[Vol. 20 


acicular fuzzy growth usually characteristic of strands of P. omnivorum. 
Occasionally, remnants of the fuzzy old acicular growth still remain cling¬ 
ing irregularly to the main body of the strand. When placed in moist 
chambers, the strands germinated readily at the broken ends, producing 
hyphae typical of P, omnivorum. Under field conditions, germination 
occurred from the exterior of any part of the strands. These dormant 
strands apparently function as sclerotia, which for some reason have failed 
to enlarge and develop into the typical shape. Both the sclerotia and the 
dormant strands were found at depths of eight to twenty-one inches in the 
ground. 

Development of sclerotia in the laboratory .—King and Loomis (4) were 
able to develop sclerotia in cultures of P. omnivorum on sterilized sand 
and old cotton stems. Dana (1) found that Phymatotrichum growth from 
freshly infected carrots in moist soil in Mason jars produced large num¬ 
bers of sclerotia. The writers have been able to develop sclerotia by using 
as inoculum pieces of cotton roots freshly infected with root-rot in glass 
containers filled with moist, unsterilized soil. With the method described 
above, using cotton or carrots as inoculum, sclerotia were produced in un¬ 
sterilized surface soil material of Houston black clay, Bell clay, Susque¬ 
hanna fine sandy loam, and Crockett clay loam. With soil containing 25 
per cent moisture on a soil air-dry-weight basis, strands of P. omnivorum 
developed profusely along the walls of the containers in six to ten days. 
Within sixteen to twenty days, many of the larger hyphae began to swell 
at various places (Fig. 4), and these swellings matured into true sclerotia. 
The sclerotia are formed in chains or in compound clusters of irregular 
shapes. Individual sclerotia may be flattened or otherwise distorted to 
fit the space in which they are produced but are typically fusoid to ovoid. 
They are at first creamy to pearly white, then gradually turn daifcer, as¬ 
suming finally the deep brown buff color of old strands. 

In many of the containers in which carrots infected with root rot were 
used as inoculum, a profuse growth of Sclerotium rolfsii appeared as a 
contamination. The Sclerotium growth was obtained in jars in which 
Phymatotrichum strands and sclerotia were present as well as in other 
jars. The spherical sclerotia typical qf 8 . rolftp were produced in large 
numbers, and it was of considerable interest to compare these sclerotia with 
sclerotia of P. omnivorum produced under the same conditions. Our 
method el harvesting sclerotia from containers has involved washing, and 
it wa$ found that true sclerotia ot P. omnivorum are invariably heavier 
than Water, while those of 8 . rolfsii are almost always lighter than water 
and may be separated by floatmJ|4& is, of course, easy to distinguish 
gelerotm^of 8 . rolfsii by their smorawess and typically spherical shape. 
Sclerotia of P. omnivorum, on the other hand, are larger, irregular in out- 
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lit, 4. Formation of aelerotia of Pkymatotriekum omnivorum as swellings of strands 
developing in soil chambers, (Betouched photograph, strands, and aelerotia 
appear lighter-colored than was actually the case.) 
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line, and, unless mechanically disturbed, are always found in chains or 
masses or, if single, intercalary as swellings of the main strands. 

Sclerotia were also produced in the laboratory at College Station in 
pure cultures of P. omnivorum grown on sterilized cotton stems and also 
in cultures on synthetic media. It is thus possible to obtain sclerotia of 
a definite age and from a known source. Results of these studies will be 
presented later. 

Preliminary studies on the germination of sclerotia. —Sclerotia of P. 
omnivorum germinate readily in moist soil, on moist filter paper, or on 
agar. Germination of the sclerotia takes place at one or both ends of the 
sclerotium, and the resultant growth is typical of the root-rot fungus. 

Three sets of sclerotia were used in one experiment: Sclerotia produced 
under carrots in a field at the Blackland Substation; some produced from 
carrot inoculum in glass containers in the laboratory; and a third lot 
produced from cotton-root inoculum in glass containers in the laboratory. 
These were washed out separately, placed on moist filter paper, on oatmeal 
agar, and on moist soil, and incubated in the laboratory at room tempera¬ 
ture. All lots germinated rapidly under these conditions, producing 
yellow, branching strands. These were examined microscopically and 
found typical of P. omnivorum. It was noticed that sclerotia which failed 
to germinate were soft to the touch and crumbled with slight pressure, 
while the sclerotia which had germinated were plump and solid and did 
not crumble under light pressure. 

Sclerotia may germinate more than once. —On October 3, 1929, a large 
number of sclerotia were tested for germination. Many of these produced 
profuse growth and still showed no evidence of deterioration at the end 
of the experiment. On October 17, the growth resulting from the previous 
germination was carefully removed from twenty-one germinated sclerotia, 
which were then placed again on moist filter paper. By November 4, 
thirteen of the twenty-one sclerotia had germinated, while the remainder 
failed to germinate and were found to have softened and in many cases 
become parasitized by various organisms, particularly Fusarium sp., 
Phomopsis sp., and a species of yeast. The growth from the thirteen 
germinated sclerotia was removed for the second tima and the sclerotia 
placed again on moist filter paper. By December 9, 1929, four of these 
sclerotia had germinated and the growth was again clipped oft. All four 
of these sclerotia then germinated for the fourth time. On January 3, 
growth was clipped again from these sclerotia and they were placed on 
filter paper. 1 One sqlerotium geminated the fifth time. The same sclerotia 
ca$ evidently germinate at least five times under these conditions. 

Pur+6iUiur# growth frdm tdtroiia. — Sclerotia were germinated and 
transferaasade to sterilize® cotton roots and to various other media. The 
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growth rambled m every respect that obtained with isolations from in¬ 
fected roots The strain isolated from the sclerotium lias been grown on 
the various media on which stock Phymatotriehum cultures ha\e been 
grown and is similar in cultural characteristics as well as microscopically 
As detailed below, the cultures from the sclerotium as well as growth di 
rectly from sclerotia ha\e been pro\ed pathogenic to cotton plants 

Inoculation of not mat cotton plants with sdcrotia —The following ex- 
pernnent was earned out to determine whether growth from germinated 
sclerotia can cause infection of cotton plants Fresh sclerotia were washed 
out of soil obtained from a carrot field dried to remo\e excess moisture 
and placed at the bottom of quart jars fifty sclerotia to the jar Normal 
cotton plants were secured from a field free of root rot and placed m jars 
which were filled with sifted surfate soil material of Houston black ila\ 
to which was added 2a per (ent moisture on a dr\ weight basis Pure 
culture inoculum was used in other jars and finally two jars were used 
as checks, which were left uninoculated The jars were weighed daih 
and the original soil moisture content maintained In adding water as 
required Three cln\s after the cotton plants were transplanted to the 
jars the loaves of all the plants wilted and within ten da\s all had shed 
New leases were latei produced When the plants were finally washed 
out for examination of the roots dear cut results were obtained as shown 
m table Infection of the roots occurred in even Mason jar where 
sclerotia were used as inoculum and good infection also occurred where 
pure cultures wore used The unmoculatcd plants remained health} 

Shorth after the beginning ol the experiment strand growth was ob- 
sened on the glass vails of the inoculated |ars B\ November lb main of 
the stiands in jars a b c, d g and h of table began to inflate into t}pual 
sclerotial forms and In Ncnember 27 the swellings of the strands had 
matured into sclerotia At the end of the experiment the soil m each 
Mason jar was washed carefully tlnough a fine sune and the residue ex¬ 
amined ior sclerotia These were found in the jars that had contained 
inoculum but, as was to lie expected in none of the unmoculated checks 

Tins experiment has proved that growth from sclerotia is able to infect 
normal cotton plants Sclerotia of P ommvorum probably pla} an im¬ 
portant role m the overwintering of the causal organism Considering the 
ease with which sclerotia may be produced in the laboratory they may also 
sene as a convenient source of inoculum m experiments 

III SPORE STAGES AS POSSIBLE MLANs OF 0\LRW INTERING 

Phymatotriehum staged The Phymatotriehum, eonidial stage of the 
root-rot fungus, was first described by Thornber (12, pp. 160-162) and 
was again described and named by Duggar (2). This stage appears as 
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TABLE 9 .—Inoculation experiment with eclerotia of P. omnivorum; inoculum placed 
on bottom of Mason jars which were fitted with moist soil into 
which cotton plants were transplanted 




Results after two months 

Inoculum 

Jar 

Condition of plants 

Number of new 
sclerotia produced 


a 

One plant with top and tap¬ 
root sound, but lateral roots 
infected; other plant, top 
dead, entire root system in¬ 
fected 

124 

50 Sclerotia per jar 

b 

c 

Both plants, tops dead, entire 
root systems infected 

t < 

135 

140 


d 

a 

318 


e 

11 

0 


f 

“ 

0 


g 

n 

157 

Pure culture of P. 
omnivorum grown 
on sterilized cotton 
stems 

h 

One plant with top sound, tap¬ 
root sound, only rootlets in¬ 
fected ; other plant, top 
dead, entire root system in¬ 
fected 

8 

None (check) 

; 

i 

* 

Both plants, tops and root 
systems sound 

! 

0 

0 


spore mats on the surface of the ground, usually around plants which have 
died from root rot. Spore mats are produced during warm, moist weather 
in the spring, summer, and early fall months. The writers have demon¬ 
strated actual continuity of hyphal growth from the subterranean Ozonium 
strands, with characteristic acicular branchings, to the conidia-bearing 
mycelium of Phymatotrichum spore mats aboveground (10): This, together 
with the fact that Taubenhaus and Killough (11) have found the Phyma- 
totriehum spore stage in pure culture, leaves no doubt that the vegetative 
or Ozonium stage and the Phymatotrichum conidial stage are actually 
stages df the same fungus. 

As yet, we have obtained only low percentages of germination with the 
Phymatotrichum spores, and the germ tubes produced soon disintegrate 
and Mem' incapable of further growth or infection. We do not know what 
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becomes of the millions of Phymatotrichum spores which are formed and 
are scattered by wind or irrigation water. There is no evidence that they 
can cause infection. We do not know whether the Phymatotrichum spores 
are a possible means of overwintering. 

Possible perfect stage .—Shear (7) found a young sprout of Osage 
orange (Maclura aurantiaca Nutt.) dying from root rot. On the stem of 
the affected sprout appeared a hymenium with the typical spiny structure 
of a Hydnum. Believing this to be the perfect stage of the root-rot fun¬ 
gus, he named it Hydnum omnivorum . The evidence of a connection of 
the Hydnum stage with Ozonium, as stated by Shear himself, is only cir¬ 
cumstantial. The writers have repeatedly found a Hydnum in cotton 
fields near College Station and in other parts of the State on the surface 
of the ground and on cotton plants previously killed by Phymatotrichum 
root rot. Tissue cultures were made from the spiny sporophores of this 
Hydnum, and the resultant growth has persistently failed to show any 
resemblance to Ozonium or Phymatotricrum. 

In this connection, the writers have found a species of Coprinus also 
associated with roots previously infected by root rot. Sporophores of this 
fungus have appeared repeatedly on infected root material kept in moist 
chambers in the laboratory and on infected plants in the field. The possi¬ 
ble genetic relation between this Coprinus and the Ozonium that causes 
root rot is yet to be determined. 

SUMMARY 

Phymatotrichum omnivorum , the cause of cotton root rot, has been 
proved to overwinter on infected live roots and as sclerotia in the soil. It 
may overwinter as spores but this has not been demonstrated. 

Although the tops of cotton plants are killed by frost, the taproots, 
lateral roots, and rootlets may remain alive through the winter, and many 
survive until late the following summer. Root rot was present on roots 
found in field excavations during the winter and spring months. The 
viability of the fungus on overwintered roots was demonstrated by isolat¬ 
ing the organism from the infected roots and by inoculation of sound 
turnips and cotton plants with overwintered, infected roots. P. omnivorum 
was viable on the living although infected roots but not on roots that were 
infected and decayed. This was in contrast with successful isolations of 
P. vasinfee turn from cotton plants with wilt, even after the plants had been 
dried for a year. 

In inoculations of cotton plants, infection was obtained with inoculum 
consisting of the taproots of plants which had succumbed to root rot only 
one day to two weeks earlier; while no infection resulted from inoculations 
with taproots from plants which had wilted from three to nine weeks pre- 
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viously. Infected roots were cut into sections 2 cm. long, which were 
placed in individual soil chambers. Strands from the sections which in¬ 
cluded living tissues but not from the sections of the same roots which 
included only decayed tissues. The disease not only remains viable on the 
living roots during the winter, but studies in two fields showed that root 
rot continued to spread during the winter, the maximum spread observed 
being twelve feet in one row. Root rot survives on the roots of many weeds 
as well as on cotton roots and may spread from these weed roots to suc¬ 
ceeding crops. These results support the conclusion that P. omnivorum 
does not survive in an active condition on decayed roots but overwinters by 
continued though slow growth and spread on living, infected roots, and 
that overwintering on living roots is an important factor in the survival 
of root rot. 

Excavations made in fields apparently free from overwintered roots 
but in which root rot was appearing on the new cotton plants revealed the 
presence of large numbers of sclerotia, which apparently were responsible 
for overwintering of the fungus in these fields. These observations confirm 
the work of King and Loomis and of Neal. Sclerotia have been produced 
also in soil chambers in the laboratory and in cultures on synthetic media. 
The sclerotia germinate readily and produce strands typical of J\ 
omnivorum, and the same sclerotia may germinate at least five times under 
laboratory conditions. Cotton plants were successfully inoculated with a 
pure culture isolated from a selerotium and with growth from sclerotia 
placed directly in the soil, and new sclerotia developed in these* containers. 

By dissection and microscopic study of Phymalotriehum spore mats 
from the field, it was possible to demonstrate actual continuity of the spore- 
bearing hyphae of the spore mats luith the subterranean, typical Ozonium 
growth. Low percentages of germination have been obtained with Phy- 
matotrichum spores, but no successful growth or infection from them has 
yet been secured. A Hydnum, frequently associated with plants killed by 
Phymatotricum root rot, does not resemble this fungus in pure culture, 
and definite connection of the Hydnum with the Phymatotrichum is yet 
to be determined. It is not yet known whether any spore stage is involved 
in the overwintering of the root-rot organism. 
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FURTHER OBSERVATIONS AND EXPERIMENTS ON THE CURL 
DISEASE OF RASPBERRIES 1 

C. W. Bikmitt 

For more than thirty years the disease generally known as curl has been 
recognized as one of the most common troubles affecting raspberries and, 
in the case of two or three of the more susceptible varieties, has been one 
of the most destructive diseases of this plant. Within the raspberry group 
there is a wide range of varietal susceptibility. The disease is widely dis¬ 
tributed on the variety Cuthbert and occurs more or less extensively on 
other red varieties, such as Latham, Viking, and Marlboro. The Cumber¬ 
land and Oregg are the most susceptible of the more popular black varie¬ 
ties. On red and black varieties symptoms of curl are practically identical 
under Michigan conditions, and this similarity has been tentatively ac¬ 
cepted in the past as proof that the disease on both types of raspberry is 
caused by the same virus. Experimental evidenee to confirm this ■view has 
not been produced. 

Very few cross-inoculation experiments between red and black varieties 
have been reported. Smith (9) inoculated four black-raspberry plants 
from a red-raspberry source but obtained negative results. He attributed 
this failure to secure infection to the large size and lack of succulency of 
the inoculated plants and stated that the virus from the two sources prob¬ 
ably would be found identical. In a previous publication (1) the writer 
has reported negative results from inoculations in which transfer from red 
to black varieties was attempted. 

A further study of this disease under field conditions has been made 
during the seasons of 1926, 1927, and 1928. An excellent opportunity for 
extensive observation has been offered through the cooperation of represen¬ 
tatives of the Orchard and Nursery Inspection Service of the Michigan 
State Department of Agriculture who, in the course of their work, have 
made two inspections each season of an average of more than a thousand 
acres of raspberries. Through the courtesy of E. C. Mandenberg, in charge 
of this service, records of these inspections have been made available for 
study whenever desired. Fields in which severe infestations have oc¬ 
curred, therefore, have been readily located in this manner and the devel¬ 
opment of the disease on all of the common susceptible varieties has been 
studied in fields rogued for control as well as in many fields where no 
measures have been taken to hold the disease in check. The information 

1 Moat of the studies reported iu this paper were made while the writer was asso¬ 
ciated with the Department of Botany, Michigan State College. 

787 



788 


Phytopathology 


[Vol. 20 


gained from these observations indicated that in 1925 the occurrence of 
curl on black varieties was very rare in the chief raspberry sections of 
Michigan. Many of the well-informed growers considered black varieties 
to be immune. Even at that time, however, in the plantings in which curl 
was known to occur, it spread rapidly and was recognized as a serious dis¬ 
ease. Since 1925 the number of infected plants of susceptible black varie¬ 
ties has greatly increased in nonrogued fields and the disease has spread 
over a much wider area, embracing a large section in the southwestern part 
of the State. 

Plants affected by curl in 1928 were found in a higher percentage of 
the fields of the black variety, Cumberland, than had been noted prior to 
that time. In most plantings only a few plants were infected, indicating 
a relatively recent introduction of the disease. This spread of curl in black 
varieties has seemed to bear no relation to the occurrence of the disease in 
the red varieties grown in the immediate vicinity. It is not at all unusual 
to find curl-free plantings of black raspberries which have grown adjacent 
to badly infested red-raspberry patches for a number of years. 

Apparently, these field observations on raspberry curl are best ex¬ 
plained by assuming that there are two distinct causal viruses which pro¬ 
duce similar or identical symptoms. In 1925 inoculation tests were started 
to throw additional light on this question. These have been repeated and 
expanded each season until the evidence now seems fairly conclusive that 
we are concerned with two distinct curl viruses that thus far have been 
separated chiefly on the basis of varietal range of plants susceptible 
to infection. 

For the sake of clarity, the terms alpha and beta will be used in re¬ 
ferring to the curl viruses from the two sources. By alpha-curl virus is 
meant the one common in Michigan on the Cuthbert variety of ml rasp¬ 
berry; by beta, the curl virus found in that State on the Cumberland 
variety of black raspberry. 

The varieties used for most of the inoculations here reported are Cuth¬ 
bert, Cumberland, and the purple or hybrid variety, Columbian. 

ALPHA VIRUS FROM RED RASPBERRY PLANTflg TRANSMISSIBLE 
TO RED BUT NOT TO BLACK VARIETIES 

It has-been demonstrated many times that the virus of curl (alpha 
virus) t common to red raspberries in Michigan, is readily transmitted by 
means 4 of the aphid, Aphis rubiphita. Records of controlled experiments 
are available in which 230 red-raspberry plants have been inoculated from 
plants affected by this virus. Infection has occurred in 137 of these plants, 
taring thif flpme period, 3^15 black-raspberry plants have been inoculated 
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in the greenhouse or in cage experiments with virus from the same source, 
but none of these plants have shown signs of curl. 

In the spring of 1926 a one-year-old planting composed of three rows 
(90 plants) of the variety Cuthbert and five rows (150 plants) of the vari¬ 
ety Cumberland, both known to be very susceptible to curl under field con¬ 
ditions, was selected for a field test of the alpha-curl virus. Numerous 
aphids were reared under cages on Cuthbert plants affected by curl. These 
aphids were used to inoculate all of the plants in the field, an estimated 
number of more than one hundred aphids being released on each plant. 
The inoculations were made June 21. By July 30, fifty-one of the Cuth¬ 
bert plants were showing marked symptoms of curl. They were employed 
to rear more aphids which were placed on the Cumberland plants. Again, 
in the spring of 1927, aphids were placed on the black-raspberry plants, 
also subjected to infection from natural migration of aphids from the 
Cuthbert planting. No curl developed in the Cumberland plants by the 
middle of the summer when ten of these plants were inoculated with the 
beta virus. Three of the inoculated plants became diseased. In the early 
spring of 1928, eighty-four of the Cuthbert plants were affected by curl 
and, of the Cumberland plants, only the three plants infected by the beta 
virus showed curl symptoms. 

In February, 1928, an experiment was conducted to test thoroughly the 
alpha virus under greenhouse conditions on a number of red, purple, and 
black varieties of raspberry and on Lucretia dewberry. Ten potted plants 
of each variety (Table 1) were selected when about three inches high and 
subjected to the feeding of more than a hundred aphids. Five days later 
the aphids were killed by means of a spray of nicotine sulphate. After the 
plants had recovered from the effects of the feeding of these many aphids, 
they were again inoculated. This was repeated until five large lots of 
aphids had been placed on each plant. This experiment was performed in 
a greenhouse where curl on the variety Cuthbert was the only virus disease 
known to be present. As shown in columns one and two of table 1, all the 
Cuthbert plants became infected, while none of those of the black varieties 
showed signs of disease. 

It may be noted that one of the plants of the red variety, King, became 
infected. This variety is very resistant to infection, although, after plants 
become infected, they show very marked symptoms of curl. During the 
five years in which curl has been under observation in Michigan only two 
affected King plants have been found, despite the fact that plantings of 
this variety are abundant in locations where they are subjected to chances 
of infection throughout the growing season. One of the Lucretia dewberry 
plants became infected also and leaf curling and stunting were severe. 
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Under field conditions no infected dewberry plants have been observed, 
and, so far as is known, this is the first recorded occurrence of curl on this 
type of cane fruit. Curl, however, does occur to a limited extent in fields 
of Eldorado blackberry. 

BETA CURL VIRUS FROM BLACK RASPBERRY TRANSMISSIBLE TO 
RED VARIETY, CUTIIBERT 

Experiments in Michigan, extending over a period of four years, have 
shown that the type of curl peculiar to the black variety, Cumberland, is 


TABLE 1.— Results of multiple inoculation of varieties of raspberry and Lueretia dew¬ 
berry with the alpha and beta viruses by means of large 
numbers of aphids, Aphis rubiphila 


Variety inoculated* 

| Alpha virus 

| Beta virus 

No. of plants 
inoculated 

No. of plants 
infected 

[ No. of plants 
inoculated 

No. of plants 
in footed 

Cuthbert (R) 

10 

10 

i 

10 

4 

King (B) 

10 

1 

10 

0 

Columbian (H) 

10 

4 

10 

10 

Plum Farmer (B) 

10 

0 

10 

0 

Gregg (B) 

10 

» ; 

10 

0 

Cumberland (B) 

10 

i 1 

0 

10 

10 

Lueretia Dewberry 

10 

i 

1 

1 

10 

0 


* B = red variety; H = hybrid variety; Brblarh variety. 


readily transmitted to healthy plants of this variety and also to Gregg. 
This virus also can be transferred to the red variety Cuthbert, now known 
to be susceptible to both typeB of curl virus. 

To obtain additional information regarding the varietal range of the 
beta virus, an experiment similar to that outlined for red raspberry curl 
was made in which large numbers of aphids were placed on potted plants 
at five different periods of growth. Besults of this experiment are pre¬ 
sented is columns three and four at table 1. Of the black varieties, as 
indicated by this test, Plum Farmer is very resistant, if not immune. The 
variety Cuthbert, although susceptible, has consistently shown a lower per- 

in those experiments in which the alpha virus was 


centavo infection than 
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After the Cuthbert variety was found to be susceptible to infection by 
the beta virus, transfers of this virus were made from infected Cuthbert 
plants back to Cumberland plants. The results of one of these series of 
experiments are given in table 2. 

Here again, in the check plants of this experiment, it Mill be noted that 
no infection of black varieties occurred in inoculations in which the alpha 
virus was used. Infection of susceptible black varieties occurred in all 
cases in which the beta virus Mas used, regardless of whether the immediate 
source of inoculation M r as a red or a black variety. 

TABLE 2 .—Results of cross inoculation of the Cuthbert and Cumberland varieties with 

alpha and beta viruses 


Varietal 
source of 
inoculum 

Type of 
virus 

Variety 

inoculated 

Xo. of plants 
inoculated 

Xo. of plants 
infected 

Cuthbert 

Alpha 

Cuthbert 

30 

22 

Cuthbert 

Alpha 

Cumberland 

25 

0 

Cumberland 

Beta 

Cumberland j 

JO 

12 

Cumberland 

Beta 

Cuthbert 

i 

30 

8 

Cuthbert 

Beta 1 

Cuthbert 

30 

13 

Cuthbert 

Beta 

Cumlwrland 

30 

19 


Cuthbert plants affected by the alpha virus Mere next inoculated with 
aphids from Cumberland plants affected by the beta virus. Tm’o plants 
were used and large numbers of aphids applied. Transfers were later 
made from these plants to health}' Cuthbert and Cumberland plants. 
Other transfers Mere made as recorded in table 3. 

In this series of inoculations, infection occurred on Cumberland plants 
in all tests in which transfers M’ere made from Cuthbert plants which had 
been inoculated with the beta virus, regaidless of wiiether the alpha virus 
was present. This test indicates that the Cuthbert plants affected by the 
alpha virus remain susceptible to infection hy the beta virus and that the 
beta virus can be recovered from such plants. It seems that the alpha and 
beta viruses may thrive in the same plant for an indefinite period. This, 
however, cannot as yet be conclusively demonstrated experimentally, for, 
while the beta virus may be separated from a mixture of the tMo by making 
transfers to Cumberland plants, there is no means with the varieties used 
in these tests whereby the alpha virus may be separated from a like mix- 
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ture. However, a more complete study of the varietal ranges of suscepti¬ 
bility to these two viruses may demonstrate their separability by methods 
similar to those employed in the isolation of the virus of black-raspberry 
curl. 

FURTHER EVIDENCE SUPPORTING THE VIEW THAT TWO DISTINCT VIRUSES 
ARE RESPONSIBLE FOB CURL IN RASPBERRIES 

Regardless of the origin or possible initial identity of curl virus, 
it seems quite evident from the experimental work done that at present 
there are two viruses which differ with regard to certain symptoms mani¬ 
fested by inoculated plants. The origin of two such similar viruses from 
independent sources would seem less probable than a derivation of one 
from the other or both from a common source. If the latter hypothesis is 


TABLE 3.— Results of inoculations from plants having the alpha and beta mrusss present 
separately and in combination 


Varietal 
source of 
inoculum 

Type of 

Variety 

No. of plants 

No. of plants 

virus 

inoculated 

inoculated 

infected 

Cuthbert 

Alpha 

Cuthbert 

10 

m 

1 

Cuthbert 

Alpha + Beta 

i 

Cuthbert J 

20 

11 

Cuthbert 

Alpha + Beta 

Cumberland J 

20 

9 

Cuthbert 

Beta 

Cumberland 

20 

j 

12 

Cuthbert 

Alpha 

Cumberland 

20 

0 


accepted as the more probable, the justification for the assumption that the 
viruses are fundamentally different manifestly depends upon the stability 
of virus from red and black raspberry under different environmental con¬ 
ditions. The history of the introduction and spread of curl virus in Michi¬ 
gan, were it known, would probably shed light of fundamental importance 
on this problem. The rather complete separation of the two types of virus 
in the State probably is due to an early introduction of what is now the 
alpha virus on the variety Cuthbert and to the continued propagation of 
this virhs for many years in sections where black varieties are rare or resis¬ 
tant to curls of all types. In recent years the introduction and extensive 
use of the curt-susceptible Cumberland have introduced a new factor into 
the furl problafc. The first Cumberlands grown in the State probably 
were free from coil and remained so until the introduction of a virus capa¬ 
ble of prodoeine infection on rash plants. The extreme scarcity of this 
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disease on black varieties, in 1922, and the rather rapid spread during the 
last five years, coupled with the fact that curl on wild black raspberry is 
extremely rare, indicate a relatively recent introduction. It has been gen¬ 
erally accepted that curl has been more prevalent on black raspberries in 
certain parts of Ohio, Indiana, and Illinois, where black varieties are grown 
extensively, than in Michigan. With the interstate shipment of nursery 
stock the introduction of the beta virus from outside sources may have 
occurred a number of times. This may explain the occurrence, but rather 
limited distribution, of this virus in Michigan. It might be expected that 
the beta virus would be the predominant type on all susceptible varieties 
of raspberry in sections where red and black varieties have been grown for 
several years in the presence of the disease. It is probable even that the 
alpha virus would not maintain its identity under such conditions but 
would become mixed with the beta virus to such an extent as to be unre¬ 
coverable in a pure state by the known methods of separation. 

The alpha virus has, in all probability, been present in Cuthbert plants 
in Michigan for more than fifty years. This long association with a single 
variety may have had a very decided influence in modifying properties of 
this virus. Carsner’s (3) results in attenuation of the virus of sugar-beet 
curly top indicate that at least some viruses may be rather unstable and 
subject to modification under certain conditions of environment. The 
alpha virus may thus be merely a form of that peculiar to black varieties 
but changed sufficiently to influence its varietal range by its long associa¬ 
tion with the Cuthbert variety. All attempts, however, to modify either 
type of curl virus have failed to indicate that this may be easily accom¬ 
plished. It seems convenient for the present to consider these as separate 
viruses, since a rather clearly defined distinction seems possible. This de¬ 
cision is reached, however, with the full recognition that further experi¬ 
mental results may render this position untenable. 

The two curl viruses may be characterized briefly as follows: 

Alpha curl virus. Produces severe symptoms of curl on the Cuthbert 
variety of red raspberry but does not affect black varieties. Causes very 
mild symptoms of curl on the hybrid variety, Columbian. Plants of this 
variety recover. 

Beta curl virus . Produces severe symptoms of curl on the red variety 
Cuthbert, the black variety Cumberland, and the hybrid variety Colum¬ 
bian. 


EFFECT OF BETA VIRUS HORE SEVERE THAN ALPHA ON THE HYBRID 
♦ VARIETY COLUMBIAN 

The Columbian is the most popular purple variety grown in Michigan 
and New York. It is believed to be a seedling of Cuthbert found growing 
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near a planting of the black variety, Gregg. This ancestry is significant 
since the Cuthbert is susceptible to both the alpha and beta viruses and the 
Gregg is susceptible to the beta virus only. Columbian plants affected by 
curl have not been observed in Michigan, although the variety has been 
under observation since 1922. It has been observed frequently in close 
proximity to Cuthbert plants affected by curl. Two instances were noted 
in which rows of Columbian plants grew within eight feet of and parallel 
to rows of badly curled Cuthberts for periods of three and five years, re¬ 
spectively, without contracting the disease. In July, 1928, however, a 
badly curled Columbian plant was found near Ravenna, Ohio. There were 
curled black-raspberry plants growing in the immediate vicinity and it is 
assumed that infection came from these plants. 

Young Columbian plants have been inoculated with the alpha virus in 
seven series of tests. The plants have shown a mild form of leaf curl after 
twenty to thirty days. The margins of the leaflets curve downward and 
roll slightly inward. The plants are not stunted and the deeper green, 
characteristic of the disease in other varieties, is not, in most cases, evident. 
Under favorable conditions for growth, symptoms may soon disappear. In 
table 1 are recorded the results of one series of inoculations with the alpha 
and beta viruses in which large numbers of aphids were used and each 
plant was inoculated several different times. The plants from these tests 
w r ere grown through the season of 1928, heeled-in in the fall, and planted 
in the greenhouse in February, 1929. The plants inoculated w ith the beta 
virus were very much stunted and showed severe symptoms typical of this 
disease on susceptible black plants. All of the plants inoculated with the 
alpha virus produced canes as stocky and vigorous as those produced by 
the healthy check plants. Mild symptoms of curl were evident on four of 
these plants. Figure 1 shows two plants of this series, one affected by the 
alpha virus and one by the beta virus. 

The Columbian variety lias been used as a source of inoculum in three 
experiments involving sixty plants, in an effort to transmit the alpha virus 
through a hybrid variety to Cumberland. All inoculations from Colum¬ 
bian and also those from the purple variety Haymaker have failed to pro¬ 
duce disease in inoculated black plants. 

RECOVERY OF COLUMBIAN PLANTS INFECTED WITH THE ALPHA VIRUS 

In the case of the great majority of virus diseases plant pathologists are 
agreed that plants once affected rarely recover. Masking of symptoms, 
due to certain environmental conditions or to the nature of the plant in¬ 
volved, is, however, now known to be a rather common occurrence with a 
Blubber of Ihe mosaief. Complete recovery with loss of the virus is more 
rare. A few such eadfes havfe been reported. 
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Brierley (2) observed the production of apparently healthy shoots 
from a tomato plant that had been affected by mosaic but had lost most of 
its leaves. Inoculations from these shoots to healthy tomato plants failed 
to produce disease. 

Verwoerd (11) has more recently reported a similar occurrence on 
tomato. Cuttings having mottled leaves were made from mosaic plants. 
In two instances cuttings developed into normal-appearing plants from 
which no infectious material could be obtained. It is not stated whether 



Fio. 1. Symptoms produced by the alpha* and beta curl \iruaes on the purple or 
hybrid Columbian variety of raspberry A, Columbian plant affected by the curl virus 
(alpha) from red raaplterry. B, Healthy Columbian plant. C. Columbian plant affected 
by the curl virus (beta) from black M8pl>erry. 


these cuttings were tested when they were made to determine whether the 
virus was present at that time. It would have been interesting had this 
been done in view of the fact that Kraybill et al. (4) have shown that in 
one type of tomato mosaic there is present in diseased plants a separable 
fraction that will produce certain abnormal symptoms though apparently 
incapable of reproduction. 

Recovery of certain varieties of sugar eane from mosaic has been found 
by Kunkel (5) to be a common occurrence. The tissues in the terminal 
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bud of the plants may recover and produce normal leaves after which the 
older, diseased leaves die and drop. In other instances the stools produce 
healthy shoots. Plants are subject to reinfection. 

In transmission of streak from corn to sugar cane, Storey (10) found 
that the inoculated cane plants produced mild symptoms of disease and 
later recovered. 

According to Severin (8), healthy branches occasionally are observed 
growing from plants of Chenopodium leptophyllum badly affected by 
sugar-beet curly top. Severin also found that inoculated plants of quail 
brush, Atriplex leniiformis, recovered from the effects of the curly-top 
virus. The plants after recovery were shown to be subject to reinfection. 

In most varieties of raspberry there is no evidence of recovery from 
curl. Affected plants may live several years, gradually becoming more 
and more dwarfed until they die. In the case of the hybrid variety 
Columbian, however, there is evidence to indicate that plants regularly 
recover from the effects of the alpha virus after a period varying from 
a few months to two years and that the new growth, at least, is free from 
the virus. In the first series of inoculations with this variety made in 
1924 very mild symptoms of curl were produced but the inoculated plants 
later seemed to recover. This apparent recovery was more extensively 
tested in 1925. 

On February 20,1925, ten Columbian tips growing in six-inch pots were 
inoculated with the alpha virus from badly diseased red-raspberry plants. 
Symptoms of eurl developed on six of them. Transfers of aphids from 
each of these plants to five healthy Cuthberts produced curl in each lot of 
red raspberries inoculated. No curl virus was obtained from the four 
plants showing no symptoms. Five of the infected plants were trans¬ 
ferred to the field in June and the sixth was transferred to a butter tub 
outside of the greenhouse. Ail of these plants showed curl symptoms 
throughout the summer of 1925. Transfers of aphids to healthy Cutbbert 
plants three different times during the summer showed the virus still 
present in the plant growing in the tub outside of the greenhouse. This 
plant showed mild symptoms throughout the season of 1926. In Febru¬ 
ary, 1927, it was brought into the greenhouse white it made a vigorous and 
apparently normal growth. (Fig. 2.) Transfers of aphids from this 
plant to healthy Cuthberts no longer resulted in the production of curl. 
The plants in the field produced a very vigorous growth and no symptoms 
of cufl were evident in 1926, the season following infection. Eight more 
Columbian plants were infected in February, 1926, and later were planted 
in the field. These showed symptoms of curl during that season but none 
were visible in, 1927. Transfers of aphids in 1927, from these and from 
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the five infected plants placed in the field in 1925, produced no symptoms 
of cnrl on healthy Cuthbert plants. 

The plant in the butter tub, which had recovered from infection with 
the alpha virus, was tipped and the tips as well as the mother plant re- 



SW* 2. A Columbian plant which was infected by curl virus from red raspberry Feb¬ 
ruary, 1925, and which recovered from the disease. Photographed April, 1928. 


moved to Wooster, Ohio, in the fall of 1928. This plant and eight tips were 
planted in the greenhouse in February, 1929. Four tips and the mother 
plant were inoculated with the alpha virus. Infection was obtained in the 
mother plant and in three of the tips. The four remaining tips were in- 
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ocul&ted with the beta virus and all developed marked symptoms of curl. 
Twenty tips from the plants inoculated in 1925 and 1926 and grown in the 
field also were selected and ten inoculated with the alpha virus and ten 
with the beta virus. Three and seven plants, respectively, became infected. 

These plants, which had recovered from infection with the alpha virus, 
seemed no less susceptible to either the alpha or beta virus than plants 
which, so far as known, had had no contact with curl virus. The evidence 
available seems to indicate that the rate of growth influences speed of 
recovery, rapidly growing plants apparently recovering in a shorter time 
than those of less rapid growth. The recovery of rapidly growing Colum¬ 
bian plants from the influence of the alpha virus, together with the 
scarcity of the beta virus in regions where this variety is extensively 
grown, probably accounts for the fact that curl lias been very rarely ob¬ 
served on plants of this variety. 

FURTHER EXPERIMENTS IN THE TRANSMISSION OF (TKI, BY APIIIOH 

There are four species of aphids known to feed on the raspberry, 
namely, Aphis rubiphila Patch.. Amphorophora rubi Kalt. Amphorophora 
sensorial a Mason, and Amphorophora rubicola Oestlund. The first of 
these was shown by Rankin and Hockey (7) to be a vector, and their 
results have been confirmed by a number of other investigations. Reports 
are meager regarding the other species. Smith (9) reported no infection 
in twenty plants inoculated with Amphorophora rubi . Bennett (1) also 
failed to obtain infection with this aphid in a limited number of morula- 
tions. No one has reported inoculation tests with the two remaining 
species. 

Since the species of Amphorophora consist of large and very active 
insects and since, if vectors of curl, they would be very important in dis¬ 
semination, especially over long distances, it was thought worth while to 
conduct some rather extensive tests with all of those obtainable, Am- 
phorophora rubicola has not been available in sufficient numbers for com¬ 
plete tests, although one series of inoculations has been made. In this 
experiment ten healthy Cutbbert plants were inoculated with five aphids, 
each. No disease developed on these plants, while, in the ten cheek plants 
on which Aphis rubiphila was used, five developed eurl. The remaining 
two species have been used repeatedly and in large numbers. During the 
seasons of 1926, 1927, and 1928, 65 healthy plants have been inoculated 
with Amphorophora rubi and 85 with Amphorophora sensorial a. No cud 
developed an ally of the plants inoculated. In March, 1928, ten healthy 
Cuthberts ifere selected and fifty specimens of Amphorophora rubi tram* 
farted from curl tfqfa to edch of the healthy plants. Five days after the 
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transfer these aphids were removed and fifty more were placed on each 
plant. Ten other plants were similarly treated, using Amphorophora 
sensoriata , and ten plants were inoculated with ten individuals of Aphis 
rubiphila per plant. Four of the ten plants inoculated with Aphis rubi- 
phila became infected; none of those inoculated with Amphorophora rubi 
or Amphorophora sensoriata developed curl symptoms. These experiments 
w-ere repeated in April, 1928, with essentially the same result. 

Other experiments were conducted in which Amphorophora rti&i and 
Aphis rubiphila were transferred from a Cuthbert plant having a com¬ 
bination of yellow' mosaic, a medium type of mosaic, and curl. In one 
experiment Amphorophora rubi transmitted the two mosaics as a single 
virus to six of the ten plants inoculated, but no symptoms of curl de¬ 
veloped. As a part of the same experiment, Aphis rubiphila was trans¬ 
ferred from this plant to healthy Cuthbcrts with the result that four of 
the ten inoculated plants became affected by curl. None, however, showed 
any symptoms of mosaic. This experiment was repeated twice. 

The beta curl virus was tested in a similar way on the Cumberland 
variety. A plant affected by curl and a medium type of mosaic was used 
from which to transfer the two species of aphids to healthy Cumberland 
plants. Here, again, in experiments in which Aphis rubiphila was used, 
curl was transmitted, and in transfers of Amphorophora rubi only mosaic 
was transmitted. 

More experimental data should be available before any definite con¬ 
clusions are drawn regarding the capabilities of Amphorophora rubicola 
for curl transmission. In the case of Amphorophora rubi and Amphoro¬ 
phora sensorial a f however, it seems reasonably certain that, if these species 
are capable of functioning as vectors of either of the curl viruses, they do 
so very rarely. It seems quite probable that neither of these species will 
transmit curl. Very little information regarding the underlying causes 
for the failure of the*c spmes to act as vectors is available. There is. of 
course, a possibility of a biological relationship involving Aphis rubiphila 
in the life cycle of a causal agent. However, if such is the case, experi¬ 
mental evidence indicates that the incubation period of the virus in the 
insect must be very short. Curl has not been transmitted artificially and 
indications are that the virus when outside of the plant is very sensitive to 
environmental conditions. It has been thought that this may possibly 
have a bearing on the apparent specificity of Aphis rubiphila in trans¬ 
mission in that this particular insect may be devoid of an inactivating sub¬ 
stance which may conceivably be present in other species. This possi¬ 
bility as well as a study of tissues on w’hich the different species feed 
would seem to offer fields for profitable investigation. 



800 


Phytopathology 


[Vol. 20 


APHIS RUBIPHILA IN ALL STAGES OF DEVELOPMENT CAPABLE 
TRANSMITTING BOTH VIRUSES 

In all of the earlier inoculation experiments with Aphis rubiphila the 
insects were used without regard to sixe of stage of development After 
Rankin (6) reported transmission of mosaic on raspberries only with 
the younger instars of Amphorophora rubi and suggested that failure in 
his experiment to obtain transmission of mosaic by means of Aphis rubi¬ 
phila may have been due to his using noninfective stages of the insect, 
it was determined to test the potentialities of different instars of Aphis 
rubiphila in the transmission of curl. It was found that aphids of this 
species molt so rapidly that it is difficult to keep accurate trace of instars 
where relatively large numbers of insects are used. For this reason plants 
were inoculated with aphids of different sixes, without regard to instars 
but representing progressively older insects from very young ones, 24 hours 
old or less, to and including wing forms, making the divisions small, me¬ 
dium, adult-wingless, and adult-wing. For these experiments, with the 
exception of the wing forms, colonies of first, second, third, and fourth 
generations from the stem-mothers were used. The aphids were reared on 
curl plants and removed from the inoculated plants after a period of 
twenty-four hours. Twenty aphids were placed on each plant with the 
exception of the plants inoculated with the wing forms, on W'hich ten 
aphids per plant were placed. As shown in table 4, infection with both 
viruses was produced by aphids of all the sixes used. 

TABLE 4 .—Results of as inoculation experiment Aph*n rubiphila in which insert* 

of different sizes were used 


Cuthbert plants inoculated Cumberland plants inoculated 

8ixe of with the alpha virus with tho beta vims 


aphid used 

No. of plants 
inoculated 

No. of plants 
infected 

No. of plants 
inoculated 

| No. of plan 
infected 

8maU 

10 

2 

10 

i 

... 3 

Medium 

10 

4 

;° 

3 

Adult-wingless 

10 

5 

10 

6 

Adult-wing 

10 

8 

10 

7 


It has been demonstrated repeatedly that the wing form will transmit 
*curl, and it teems Quite evident that this form is very important in long- 
dietanee dimninajlon.of thie disease. Daring the Muons of 1927 and 
litS a number of instances of current or previous-season infection of 
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single plants were noted in fields which were being systematically rogued. 
In several instances the nearest known curl plant was not closer than a 
quarter of a mile and in two instances only one curl plant was disco\ered 
within a radius of a half mile In sections where either of the curl viruses 
is present it should be expected that an occasional curl plant will be found 
e\en in fields which are carefully rouged. Such invasions of plantings 
from outside sources are \ery easily checked if affected plants are destroyed 
promptly 

SUMMARY 

The curl virus, which has a general distribution m the Cuthbert 
variety of red raspberry in Michigan, apparently will not produce infec¬ 
tion in the curl-susceptible Cumberland \anety of black raspberries. The 
virus ot curl which occurs on the Cumberland variety is transmissible to 
the variety Cuthbert and can be transferred from this variety back to black 
raspbern It is assumed that two viruses are involved These have been 
designated, respectively, as alpha-curl virus and beta curl virus 

The purple or hybrid variety Columbian shows marked symptoms of 
curl when attacked by the beta virus and mild symptoms when infected 
by the alpha virus Plants attacked by the alpha virus remain susceptible 
to infection by the beta virus 

Columbian plants infected bv the alpha virus completely recover after 
a penod varying fiom a lew months to two years and new growth is free 
from the virus Plants that recover remain subject to infection by both 
the alpha and beta viruses 

TransiiUHsioi ot the two curl viruses was obtained only bv means of 
Aphis tubtphila No cuil infection was obtained m experiments m which 
Auiphorophofa rubicvla, Amphorophora rubi, or Amphorophora sensonata 
was used. All stages of Aphts rubiphtla including the wing form trans¬ 
mitted curl. The wing form is considered to be very important in long¬ 
distance dissemination. 

Office or Sugar Plants, 

Burlal of Plant Indistkv, 

V S DkPARTMl nt or Agru clti rl, 

Riverside, California 
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SOIL-REACTION EFFECTS ON PHYMATOTRICHUM ROOT ROT 1 


Waltkk N. Ezkkiil, J. J. Taubineaus, and E . C. Ca&lylb* 

INTRODUCTION 

It has long been noticed that cotton root rot, caused by Phymatotrichum 
omnivorum (Shear) Duggar, is more serious in the black land regions of 
Texas, where the soils are alkaline in reaction, than in east Texas where 
many of the soils are slightly acid. A survey of fields in sixteen counties 
of Texas furnished preliminary evidenee of a correlation between soil re¬ 
action and the occurrence and severity of root rot. The disease was found* 
in 34 per cent of fields with soils of pH 5.5 to 6.4, in 60 per cent of fields 
with soils of pH 6.5 to 7.4, and in 71 per cent of fields with soils of pH 7.5 
and above. Furthermore, where root rot was found in acid soils, pH 5.5 
to 6.5, damage from the disease was negligible as compared to the losses, 
ranging from 20 to 100 per cent, in the neutral or alkaline soils. 

These results tended to show that root rot is destructive in neutral or 
alkaline soils but unimportant in acid soils. Experimental studies under 
controlled conditions were necessary, however, first, to prove that the 
correlation observed was actually with the soil reaction rather than with 
regional, climatic, or other factors, and, second, to find the critical soil 
reaction necessary to inhibit infection, to prevent spread, or to prevent 
overwintering of the fungus. The critical reaction may or may not be 
different for these various processes, and interruption of any one of these 
portions of the life history might serve to control root rot. The present 
paper includes summaries of some experiments which bear on this prob¬ 
lem. Further work is in progress and will be rejwrted later. 

PRELIMINARY SOIL REACTION SERIES IN DRAIN TILES 

In 1927 a series of 120 drain tiles, each 2 feet deep and 18 inches in 
diameter, w'ere installed as containers for a preliminary experiment. The 
tiles were sunk in the ground, upright, nearly to the ground level, and 
filled with soil. Various materials were worked into the surface soil to 
change the reaction. Soil samples wen* taken periodically and the hydro- 

i Paper read before the Dee Homes meeting of the American Phytopathological 
Society and published with the approval of the Director as Contribution No. 96, Tech¬ 
nical Series, from the Texas Agricultural Experiment Station. 

* The writers are indebted to Dr. Q. 8. Praps for advice in the planning of experi¬ 
ment# and to Mr. W. T. Carter for identification of the soils studied. 

* Tanbenhaus, J. J., Walter N. Ezekiel, and D. T. Killough. Relation of cotton 
root rot and Fusarium wilt to the acidity and alkalinity of the soil. Texas Agr. Exp. 
Sta. But 389. 1928. 
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gen-ion concentration determined colorimetrically. It was found that the 
soil reaction changed to depths of 6 to 8 inches only, the reactions obtained 
in this surface soil ranging from pH 2.3 to 8.0, while the deeper soil re¬ 
mained nearly neutral or slightly alkaline. For instance, samples taken 
in one container in May, 1928, ran pH 4.3, 4.3, and 4.4, respectively, for 
the upper three inches; 6.1, 6.5, 6.9 for the next three inches; and 6.9, 7.1, 
7.1 for six to nine inches deep. 

Cotton was planted in each container in 1927, 1928, and 1929. The 
plants were thinned to approximately an even stand and inoculated each 
year with root rot in every container. The method used was that previ¬ 
ously described 4 in which roots of naturally and recently infected plants 
are inserted next to the roots of the plants to be inoculated. Root rot was 
introduced successfully, by this artificial inoculation, into every container 
irrespective of the reaction of the surface soil. There were differences in 
the numbers of plants attacked by root rot and differences in the numbers 
that died, in the various series. Summarizing all the results without re¬ 
gard to the treatment used to adjust the reaction of the soil, the results 
given in table 1 were obtained for 1928. It will be noted that there Mere 
higher percentages of infection of plants in the neutral and alkaline soils 
than in the more acid soils and that twice as high a percentage of the 
plants was killed in alkaline surface soils as in acid soils. 

It is of particular significance that the disease overwintered in some 
of the containers in each series in the winter of 1927 and also of 1928, 
appearing on plants of the succeeding crop prior to the inoculation. Acidi¬ 
fication of the surface soil alone then appeared insufficient to prevent the 
survival of root rot on roots in neutral soil below the acid region. At the 
same time, the high acidity obtained in the surface soil in many containers 
was enough to cause injury to plants and to prevent growth of cotton plants 
in the six containers of the most acid series in 1928 and 1929. 

INOCULATION EXPERIMENTS WITH ALABAMA SOILS 

Surface soil material of Houston black clay and Oktibbeha clay was 
secured in 1928 from Alabama through the courtesy of Mr. J. F. Stroud. 
Four cans were filled with each soil, cotton was planted, and the plants in 
each can were later inoculated with root rot. As shown in table 2, root rot 
was able to attack these plants growing in soils from a region in which 
Pbymatotriehum root rot is unknown* The amount of infection and the 
percentage of less from root rot were much higher in the more alkaline soil 
fhan in the onl# slightly acid Oktibbeha clay. 

sTantaskaos, J. J.* B. P. Dm*, W. N. Partial, W. J. Bart, sad J. P. Leak. A 
m e tho d of tsa a sl s tte a for Phynstrt rtrtu n root rot famtjgstloas. Phytopatk. IBs 107- 
170. 1080. 
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TABLE 1 .—-Bestilts of preliminary series in drain tiles for 1928 season , considering eon - 
tainers with similar soil reaction together; the pH values apply to surface soil 
only, the subsurface remaining unaffected by the treatment . 


Average pH of 
surface soil, 

0-8 inches 

Number of plants 
included 

Percentage of 
plants infected 
with root rot 

Percentage of 
plants killed by 
root rot 

2.9-3.1 

0* 



4.S-4.7 

63 

■ 

i 62 ' 

19 

5.0-5.4 

170 

! 70 

27 

8.5-6.9 

90 

1 

| S3 

35 

7.0-8.0 

240 

i 

| 80 

• 43 

1 


• On account of the excessive acidity in one aeries of six tiles, no stand wa s secured 
in 1928 or 1929. 


INOCULATION EXPERIMENT WITH FIVE SOIL TYPES IN SMALL CONTAINERS 

In the spring of 1928, an extensive experiment was set up primarily for 
the study of the incubation period and the development of root rot on the 
roots of cotton plants grown in five different soil types and inoculated at a 
definite time. Containers measuring two feet in each dimension were 
built with wood frame's and with sides of wire screening and heavy tar 
paper. Eight containers were used for surface soil material of each of the 
five soil tyi>es listed in table 3. The containers were arranged side by side 
on the surface of the ground, and the spaces between and around them 
were filled in with soil to aid in maintaining natural temperature condi¬ 
tions. Cotton was planted, thinned to five plants; and. on August 14, two 
of the plants in each container were inoculated with two roots each from 
recently \rilted cotton plants. One container of each soil type was opened 
at weekly intervals thereafter, the tops of the plants were secured by strings, 
and the soil was removed by washing (Fig. 1. e >. The final series was held 


TABLE 2 .—Jtesults of inoculations of cotton plants growing i* toil from Alabama ; 

20 plants per sod type 


* 

l 

Percentage of plants 

Percentage of plants 

Soil type 

pH 

infected with 

killed by root 

root rot 

rot 

Houston black clay 

7.6 

95 

90 

Oktibbeha clay 

6.7 

35 

15 
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Flo. 1, a and b: Results obtained by November 15,1928, from repented inoculation 
at the left ends of the rows of cotton in boxes; a, of Houston black clay, pH 7.7, root 
rot spread more than halfway down the row; and b, of Tabor fine sandy loam, pit S.K 
no root rot. 

c: 8mall containers of five soils used in experiment (Tfible 3) in which plants were 
periodically washed out. Photograph Bept. it, 1928, showing surrounding soil already 
removed from around the five containers tel be opened for final examination at that time. 

until the spring of 1929, when it tffifi opened and notes taken on the con¬ 
dition of the roots at that time. 

The resultsfor the first weeks were similar in the various soils. At 
the, end of one week, there was no evidence aboveground of any injury to 
tike inoculated *ptauttt Alfithe plants were washed out of the soil, the 
typioal whitish tt> yellowish mycelial growth of the fungus was noted on 
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the roots of the inoculated plants along the portions of the roots adjoining 
the inoculum. After two weeks, there was still no evidence of the disease 
aboveground except for occasional plants which were freshly wilted, but 


TABLE 3.— Kcfultt of inoculation of S£l cotton plant* grown tn 8 container » per toil 
type and wa*hfd out at intervals after tnoculation 


Hoil type 

pH 

Average interval 
between inocula¬ 
tion and wilting 
of inoculated 
plants, days* 

Percentage of 
plants with root 
rot, for entire 
experiment 

Spread: Percentage 
of uninoculated 
plants with root rot 
found in washing 
out plants from 
fourth to seventh 
weeks after in¬ 
oculation 

Lufkin fine sandy 
loam 

6.1 

i 

21 1 ( 

52 

1 

38 

Crockett clay loam 

6.2 

19.5 1 

i 

i 

58 i 

67 

Kirvin clay 

6.4 1 

I 

19 

68 

81 

Norfolk fine sand 

6.8 

15.6 1 

63»* , 

54 b 

Wilson elay 

* t A. . _ 1 « 

7.4 

i: 

i 

i 

i 

S3 


* Intervals calculated only from plants that lilted before time of washing out from 
the soil, and ntcrnged for 10 plants each front seriei uith Norfolk and Wilson soils and 
11 plants from each of the other series. 


b figure* include plants washed out after the weeks from the only container in the 
exjieriinent tn shi h the inoculation was apparently unsuccessful. 

the mycelial growth on roots of the inoculated plants had extended over a 
more considerable portion of the taproots, and definite lesions were found 
on the portions of the roots first attacked. In three weeks, many inoculated 
plants had succumbed to the disease. Nine of the ten inoculated plants had 
wdlted. and their roots were badly diseased, often to 30 or 40 cm. below 
ground. Lesions were beginning to be visible on the roots of plants adja¬ 
cent to the inoculated plants. 

By the fourth week, there were differences between the results in the 
different soil types. In the acid. Lufkin soil only the inoculated plants 
had become infected, while all five of the plants in the alkaline, Wilson 
clay were infected. Differences in spread were found also in subsequent 
examinations. As shown also by percentages in table 3. of the uninoculated 
plants examined from the fourth to seventh week after inoculation, ten of 
the sixteen plants from the Lufkin soil had escaped infection, while only 
two of the twelve uninoculated plants from the Wilson containers had 
escaped infection. 
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There were rather definite differences between the soil types with regard 
to the time elapsing between inoculation and the time when inoculated 
plants succumbed to root rot. In all types, some plants were observed to 
wilt by the twelfth, thirteenth, or fourteenth day after inoculation. The 
majority of inoculated plants had wilted by the end of the third week in 
all series. However, wilting of some of the plants in the acid soils was 
delayed longer than in the other soils, so that the average number of days 
between inoculation and wilting was greater for plants in the acid soils. 

The final series of boxes was held until April, 1929. By thiB time, thirty- 
three weeks after inoculation, the roots of all plants in all five soils had 
become infected with root rot; and all were dead except for portions of 
roots in the Lufkin soil. 

The Lufkin series was of further interest in that 6 of the 24 plants in 
the fourth to seventh harvests were affected by dark, gall-like excrescences 
along the taproots. These calluses resembled the effects of acid injur)’ 
to cotton roots and perhaps resulted here from callusing following injury 
during cultivation. The calluses appeared of little importance in the 
growth of the plants. 

This experiment showed that recognizable symptoms of root rot can 
appear on cotton roots in the five soil types used within a week after 
inoculation, while plants may wilt as a result of root-rot infection in 12 
to 14 days in all the soil types, although, for the entire experiment, the 
average interval before wilting was longer in the more acid soils than in 
the more alkaline soils. Spread from inoculated plants to other plants 
in the containers was less in the more acid soil than in the other soils 
during the first seven weeks following infection, although by the following 
spring spread had occurred in all the soils. The most acid soil used here, 
pH 6.1, was not acid enough to prevent infection of inoculated plants and 
slow spread to adjacent plants. 

INOCULATION EXPERIMENT WITH SEVEN BOILS, IN LONG BOXES* 

In the experiments summarized above, the containers used were too 
small for detailed observation of the effect of soil differences on spread as 
distinct from initial infection. As has been reposted elsewhere* an experi¬ 
ment was set up early in 1928 in which this difficulty was obviated by the 
use of larger, wooden containers 12 feet long, 3 feet deep, and 2 feet 
wide. Boils of seven different types were used, each in a single container. 
The soil material was dug out to a depth of three feet with each six-inch 
layer sacked separately and replaced, with each soil layer in its original 
depth, in the boxes at College Station. 

* Thin sspecimont w installed by Dr. L. J. Peseta, formerly of mis Division. 

• Tanbenbauv> J- JVand Walter N. EseUoi. Beeent studies on Phymtotridmm 
root-rdt, Amor. Soar. Bet. 17 : 654-571. 1S80. 
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Cotton whs planted in a row along the middle of each box in 1928 and 
again in 1929. During 1928, the planta at one end of each box were in¬ 
oculated on June 22, August 8, and September 8. The results (Table 4) 
were in accord with the reaction of the various soils. Spread of root rot 
from the inoculated plants was successively greater in the soils with the 
higher pH values. No spread occurred in the most acid soils. Only one 
of the inoculated plants succumbed in the soil with pH 5.5 and not one 
plant in the Tabor soil with pH 5.8. (Pig. 1, a, b). 

At the end of the growing season of 1928, the tops of the plants were 
cut off, but their roots were left undisturbed in the soil, and, on October 
9, 1928, the roots of fifteen freshly infected cotton plants secured from 
nearby fields mere inserted in each row to furnish additional material 
for possible overwintering. In 1929, cotton was planted again along the 
middle of each box without removing the roots of the 1928 crop. There 
was no inoculation in 1929. 

TABLE 4. —Summary of inoculation experiment iri th roue of cotton tn long containers; 
inoculated repeatedly at one end of rows during 1988; 
no inoculation in 1959 


Soil type 

i 

pH of soil 
(0~2 feet 
deep) 

. - „ \. 

Spread of root 
rot along rows 
during 1928, 
feet 

Percentage of planta 
i infected 

1928 1929 

Susquehanna tine samly 

loam. 

t 

i 


1 


shallow phase 


55 

0 

fl 

8 

Tabor fine sand, loam, shallow 





phase 


5.8 

0 

0 

0 

Oh lock once clay loam 


6.3 

4 

27 

59 

Tabor fine sandy loam 


67 

4 

29 

34 

Kirvin fine sandy loam 


7 1 

5* 

30 

80 

Caddo fine sandy loam 


7.6 

7* 

53 

82 

Houston black clay 

t 

7.7 


74 

100 

As shown in tabic 

4, the disease overwintered 

successfully in 

every 


soil in which there had been any infection the preceding year, and in each 
soil it attacked a higher percentage of plants during the season of 1929 
than in the previous year. The plants in the shallow phase of Tabor fine 
sandy loam were still free of root rot, while every plant in the Houston 
black clay was affected by September 12. Since the additional inoculum 
was inserted in 1928, it is possible that the increase of root rot in 1929 in 
some of the acid soils was due to this additional inoculum and that under 
field conditions root rot might instead have decreased. 

While most of the soils used in this experiment were of approximately 
the same reaction to the depth used in the containers, the Tabor fine 
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sandy loam, shallow phase, in which no infection occurred either year, was 
distinctly acid only in the upper two feet and had a pH of 6.6 to 7.0 in the 
lower foot. This practically neutral subsoil apparently did not affect the 
results. 

In the present experiment, the incidence and spread of root rot were 
found to correlate directly with the pH of soils held under controlled 
conditions. Root rot overwintered in all soils in which the disease had been 
able to infect cotton plants. 

INOCULATION EXPERIMENT WITH DIFFERENCES IN DEPTHS OF ACIDIFICATION 

In the spring of 1929, an experiment was started in which a single soil 
type, Lufkin fine sandy loam, was used in a series of 16 wooden boxes, 2 
feet in each dimension. This soil was used in two ways, as indicated in 
table 5, either with 1 per cent of ground limestone added to the soil (on a 
soil dry-weight basis) or with the soil adjusted with sulphuric arid to 
pH 5.0. The amount of acid to use was determined with aliquot samples 

TABLE 5. —Inoculation experiment with cotton plant*, six grants per wood box of Luf- 
him fine sandy loam; sod made allaUne by addition of l per cent ground limestone 
or acid by addition of sulphuric acid. Heavy inoculation t July £1, VJ29, 

These results are of aboveground effect only , to t nd of season . 


Boil 


Location of inoculum 


Average interval 
between inocula¬ 
tion and wilting 
of inoculated 
plant*, day* 


Number of 
plant* *uccomb¬ 
ing to root rot 


All alkaline 
(pH 7.2-T.3) 


All acid 
(pH 44-5.3) 


Upper foot acid, 
lower foot alkaline 


Upper foot alkaline, 
Jewer fort add 


In upper foot of soil 

i f 

In lower foot of toil 

i < 

In upper foot of noil 

< i 

In lower foot of soil 

*4 


In upper foot of toil 

4* 

In lower foot of toil 

<4 


In upper foot of toil 
In loner foot of aoll 

J* 14 


20 

n 


AH 


Tn 


12 

21.5 


0 

4 

0 

6 

0 

0 

0 

0 

1 

1 

0 

0 

5 

6 

0 
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from the soil layers by the methods worked out by Fraps and Carlyle 7 for 
determining amounts of sulphur needed to adjust soils to desired acidi¬ 
ties* In four containers, the entire two feet of soil was made alkaline, and, 
in another four, the entire depth was made acid; while four boxes were 
used with the top foot of soil acid and the bottom alkaline and four with 
the top alkaline and the bottom acid. 

Cotton was planted June 11, 1929, and thinned July 26 to six plants 
per box, arranged in two short parallel rows. On July 26, the two plants 
at the same end of each row of plants were inoculated heavily with root 
rot. The inoculum consisted of the roots of freshly wilted cotton plants, 
trimmed down to exactly eight inches in length. Four roots were used for 
each plant inoculated. In two of each series of boxes, the inoculum was 
placed in the up|>er foot of soil by inserting it in holes bored to a depth 
of 10 inches with a soil augur; while in the other two boxes, it was placed 
in the lower foot of the soil in holes laired to 22 inches. 

The results now available with this experiment are of the effects of 
root rot aboveground, since the roots have lieen left undisturbed. As 
shown in table 5. root rot killed most of the plants in the alkaline soil but 
none of those in the acid soil. Inoculation in the upper foot of the soil was 
markedly more sucessful than in the lower foot, irrespective of the reaction 
of these two soil layers. In the series in which the upper and lower layers 
were of different reaction, root rot appeared only where the inoculum was 
in the up[M»r foot and in these boxes killed most of the plants in alkaline 
surface soil but only two of those in the acid surface soil. 

The reaction of the acid soil selected on the basis of previous results 
appears to have been sufficiently acid to prevent inoculation with root rot 
under the conditions of this exjieriment. It did not interfere noticeably 
with the development of the cotton plants. 

PRELIMINARY EXPERIMENT WITH KCLPIII’R FOR SOIL ACIDIFICATION* 

The work reform! to above indicated that root rot was more destructive 
and spread more in alkaliue or neutral than in acid soils, whether this 
acidity was natural or obtained by acidification of the soil, and suggested 
the possibility of soil acidification for the control of root rot. The most 
economical and convenient method now available for acidifying soils in 
the field is to apply sulphur, which is slowly oxidized to sulphuric acid. 
This oxidation occurs more rapidly when the soil flora as wrell as other 
conditions in the soil favor oxidation. The present experiment was de- 

t Frapa, Q. 3., and E. C. Carlyle. The basicity of Texas eoila. Texas Agr. Exp. 
fita. BuL 400. 1920. 

• Thii experiment was set up by W. F. Vogel, formerly Sulphur Beeearch Fellow 
in this Division. 
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signed as a preliminary test of the possibility of reducing loss from root 
rot by the application of sulphur, and of the efficiency of eight different 
lots of commercial sulphurs, Borne of 'which lots included oxidizing ma¬ 
terials. The results are combined below without regard to the various 
sulphurs used. 

Surface soil material of Crockett clay loam was used in small metal 
containers some 10 inches and others 12} inches in diameter. There were 
four containers for each of the three rates of application of each of the 
eight sulphur materials. These materials were applied after the con¬ 
tainers were filled, and were incorporated to a certain extent in the surface 
one or two inches of soil. The sulphurs were added June 12, 1928, and 
were still present in large lumps just below the surface as well as on the 
surface at the end of the season. It was apparent that, just as in the pre¬ 
liminary experiment in drain tiles (Table 1), the acidity resulting here 
was highly localized. This explained why the lower roots of some plants 
rotted from root rot, while parts of the taproots, closer to the surface, 
showed definite evidence of acid injury. 

Cotton was planted and thinned to about four plants per container, 
giving a total of 14 to 16 plants for each application of each material and 
of 45 plants for the checks. Plants in all containers were inoculated with 
root rot by the usual method. Wilting of diseased plants was observed 
during the season, and at the end of the season all plants were pulled up 
for examination of their roots. It was found at this time that many of 
the dead plants in the containers had died apparently from acid injury, as 
evidenced by the characteristic enlarged cracked regions and the absence 
of Phymatotrichum strands or other symptoms of root rot. Plants with 
acid injury were more abundant in the series with higher rates of applica¬ 
tion of sulphur than in those with 5,000 lbs. per acre and were more 
abundant in the series in which the soil actually became highly acid than 
in the series of less acid soil. 

Boot rot, on the contrary, was less destructive in the more acid soils. 
Forty per cent of the check plants were killed by root rot, while only three 
per cent of the plants were killed in the series receiving 5,000 lbs. per 
acre, one per cent in the 10,000-lb. series, and none ill the 15,000-lb. series. 

The entire series of containers was held over winter and replanted to 
cotton in 1929. Despite repeated plantings, no stand could be obtained on 
account of the high acidity which had developed by that time. 

In this preliminary experiment, excessive quantities of sulphur, eon- 
fined almost entirely to the surface, reduced loss from root rot to a small 
fraction of the lost in the cheeks. There was, however, considerable acid 
injury to the felants, particularly in the most add series. On account of 



1930] 


Ezekiel et al. : Phymatotrichlm Root Rot 


813 


the uneven distribution of acidity, plants with the upper portion of the tap¬ 
roots injured by acid occasionally had the lower roots, extending into non- 
acidified soil below, destroyed by root rot. 

FIELD TESTS OF SULl'UUB FOR THE CONTROL OF ROOT ROT 

A long-continued experiment with sulphur for the control of root rot 
was carried out at the former site of Substation No. 5, Bell County, with 
soil of a highly calcareous Bell clay. From 1920 until 1926, sulphur was 
applied yearly to various plats, in some cases at the rate of 10,000 pounds 
per acre. This did not exhaust the alkaline reserve even of the surface soil 
nor reduce the loss from root rot to a significant extent. Laboratory ex¬ 
periments by Fraps and Carlyle’ have indicated similarly that it is im¬ 
practicable to acidify highly calcareous soils by the application of sulphur 
Beginning in the fall of 1927, field tests* were carried on in seven locali¬ 
ties in the State in soil types which are not highly calcareous and which 
accordingly might be acidified with quantities of sulphur that might be 
used in farm practice. These tests were initiated even before completion 

TABLE 6.—Inoculation experiment with cotton plants grown in small containers; results 
**» the eight senes with different sulphur materials combined here 


Root rot Sulphur injury 


Sulphur added 
to soil ; 

- - . ! 

pH 

No. of 
^ plants 

f _ _ 

Percentage t 
of plants j 
affected j 

*7—«•! xsx 

kll,ed 1 affected 

Percentage 

killed 

15,000 lb* per ' 
acre 

2 1-1.0 

t 

118 

5 ' 

0 

48 

15 

10,000 lb*, per I 
aero 

£.2-3.1 

117 

5 

1 

i 

32 

3 

5,000 lbs. per { 
acre * 

2.3-S.7 

no 

1 

17 ! 

3 

< 

20 

3 

None (checks) j 

i 

5.2-fl.O 

45 

02 j 

40 

1 o 1 

0 


of the study of the field-survey results* which first demonstrated that the 
destructiveness of root rot in the field is correlated with the reaction of the 
soil. Empirical applications with various amounts of sulphur were made 
on the surface of the ground and incorporated somewhat into the surface 
soil. The tests showed that application of sulphur may acidify soils that 
are not highly calcareous; that excessive quantities of sulphur may cause 
acid injury of plants and may prevent obtaining a stand when the acidify 
• These field tests were carried on by H. E. Bea, in cooperation with this Division. 
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TABLE 7.— Sesults of sulphur experiment, data the tame at in table 6, but arranged 
here bp the average pS of the various series 




Boot rot 

Sulphur injury 

pH 

No. of 
plants 

Percentage 
of plants 
affected 

Percentage 

killed 

Percentage 
of plants 
affected 

Percentage 

killed 

£.1-2.5 

41 

0 

0 

75 

17 

£.6-3.0 

163 

4 

0 

31 

a 

3.1-3.5 

73 

6 

1 

3 

i 

12 

3 

3.6-4.0 

62 

35 

! 

2 

40 

0 

4.6-5.0 

15 

0 1 

0 

! o 

0 

5.2-6.0 
(Checks) 

45 

62 

i 

40 | 

1 

1 0 

0 


becomes more intense than about pH 3.3; and that even so intense acidities 
as this will not control root rot if the subsurface remains alkaline and the 
disease survives there. 


SUMMARY AND CONCLUSIONS 

In a number of experiments, cotton plants were (frown in containers 
filled with soils varying naturally in reaction and in other containers filled 
with soils in which the reaction was adjusted by the addition of various 
materials. Plants were inoculated artificially with root rot caused by Phy- 
matotrichum omnxvorum. The percentage of infection and the percentage 
of plants killed by root rot were higher in soils with the higher pH. Fewer 
plants were attacked in acid soils; the average interval between inoculation 
and wilting of plants was slightly longer in the add soils; and root rot 
spread to a shorter distance as well as more sh>wly in acid soils than in 
neutral or alkaline soils. There was marked diminution of root rot at about 
pH 6.0 and no root rot with the soil at pH 6.0 to the bottom of the con¬ 
tainers. f 

When only the surface layer of soil Was acidified, without affecting the 
lower layers, the general correlation held true but was less pronounced. 
Boot tot was reduced but still occurred in containers in which the surface 
was very add while the subsoil was slightly alkaline. The disease also 
overwintered successfully in sueh containers. 

Preliminary tests with sulphur for the control of root rot have been 
earned out in containers and in field plats. In both series, the sulphur 
was mixed only jwiili the sfcrfgee soil and acidified only the surface layer. 
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Root rot was reduced but not eliminated even with surface soil as acid as 
pH 3.4 when this acidity extended only to depths of three to six inches. 
Acid injury occurred in surface soils acidified to pH 2 to 4 even though the 
subsurface was still neutral or alkaline. 

These results indicate the possibility of the use of sulphur for the 
acidification of soils as a method of attack against root rot but bring out 
some serious difficulties. Studies to determine the practical effectiveness 
of this method and to devise means of utilizing it under field conditions 
are now in progress and vill be reported later. 




STUDIES ON THE MOVEMENT OP THE CROWN-GALL 
ORGANISM WITHIN THE STEMS OP 
TOMATO PLANTS 1 

Spas S. Ivanopp axd A. J. Rikeb 
INTRODUCTION 

I 

The movement which enables bacterial plant pathogenes to migrate 
from the point of entry into the surrounding tissue is of fundamental im¬ 
portance in relation to their pathogenesis. Once established within the 
host it appears that the further progress of the parasitic bacteria causing 
disease is influenced by the various factors which favor this movement. 
Since the movement of the bacteria through the tissue is important in 
relation to the development of the disease it seemed desirable to study the 
mechanism by which this was accomplished in connection with investiga¬ 
tions on the crown-gall organism, Phytomonas tumefaciens (Smith and 
Town.) Com. S. A. B. The present paper gives an account of such studies 
on the movement of the crown-gall organism and certain other substances 
within the stems of tomato plants, primarily within a few hours after 
introduction of the bacteria through needle punctures. 

Several workers of the last decade who have considered the crown-gall 
organism to be an intercellular parasite have dealt with this problem. 
Hobinson and 'Walkden (7) report, “Both in Chrysanthemum frutescens 
and in Sicotiana affinis we have definitely demonstrated, by staining, 
zoogloeal strands of /i. tumefariens intruding along intercellular spaces 
and protoxylem vessels forming centers for pathological disturbance and 
gall-production along the tract.” Biker (3) observed that, immediately 
following the puncture, a darkened area appeared, which tended to be 
parallel to the long axis of the plant and which was caused by the occupa¬ 
tion of the intercellular spaces by liquid. He reports (6), “It seems un¬ 
questionable that the bacteria once inside such a wound would migrate to 
the limits of the avenue provided by the flooded intercellular spaces.” 
Also he says (5), “The forces which govern this entry of the organism into 
the tissue are not definitely understood. The bacteria might conceivably 
be influenced by any or all of such factors as the collapse of drying tissue, 
negative pressure, sap rise, and motility with or without a ehemotactic 

* Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. 

These studies are a part of the work on the crown-gall project which is being 
carried on in cooperation with the United States Department of Agriculture. 

This work has been supported in part by & grant from the special research fund 
of the University of Wisconsin. 
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stimulus.” Hill (3), following the method of investigation similar to that 
employed by Nixon (4), by Beach (1), and later by Haber (2), reaches 
these conclusions: 44 It is evident from my observations of the early stages 
of the migration resulting from inoculation that, after a few hours follow¬ 
ing their introduction into the tissues, the bacteria can be recognized only 
as widely scattered clumps clinging in the intercellular spaces. This is due 
to the fact that the rate of growth is very rapid and that after a few hours 
the tips of the zoogloeae pass through the tissues leaving occasionally a few 
scattered clumps of bacteria. . . . The rate of migration of B . tumefaciem , 
or actually the rate of growth of the zoogloeae of this species, is so rapid 
that very early stages can be observed only in materia) killed within one 
hour after the bacteria have been introduced into the tissues. . . . The 
rate of growth of the zoogloeae through the intercellular spaces is from 
0.029 mm. to 0.04 mm. a minute, the more rapid rate occurring in the early 
stages of the migration following the introduction of the bacteria into the 
young tomato stems. The rate is most rapid for the first 30 minutes follow¬ 
ing inoculation. After three hours the rate is reduced one half.** 

The difficulty of demonstrating the crown-gall organism within the host 
tissue following its introduction through punctures has been an obstacle to 
all the investigators of this question. The characteristic staining proper¬ 
ties of this organism are so nearly those of the host tissue that an indi¬ 
vidual organism or even a smalt group of several hundred organisms might 
very easily be overlooked. To overcome this difficulty a method was sought 
which would render the location and identity of the crown-gall organisms 
more easily discernible. 


MATERIALS AND METHODS 

The culture of Ph . tumefaeiens used in this investigation wa* the 
progeny of a culture originally isolated from black raspberry and purified, 
after several platings, by single-cell isolation. The pathogenicity of this 
culture was repeatedly demonstrated on tomato, tobacco, and apple. 

Readily discernible substances were sought which could be employed in 
conjunction with a suspension of the crown-gall bacteria at the time of 
inoculation to direct attention to the presence of the pathogene. It was 
hoped that such substances, when mixed with the living crown-gall bacteria, 
might.be carried along with the bacterial mass. Then, by reason of their 
ready visibility, they might direct attention to the position of the crown- 
gall bagteria themselves. It was thought desirable that some of the sub¬ 
stance^ should be living and some of them nonliving, 

Th4 substances employed included two living bacterial cultures and 
one inert substance. The cultures were Pk , in*uiio$a McCul. and Pk . 
imekigtntnm: Co*. 8. A. B., which are both Oram-positive and 
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both nonraotile. They were secured through the courtesy of P. R. Jones 
and H. L. Blood, respectively. Because of their characteristic reaction to 
Grain's stain, these organisms are very easily discernible within the tissue. 
A single rod of either species may be seen and identified as a bacterial 
organism inside the tissue with very considerable accuracy. The inert sub¬ 
stance chosen was Burri’s India ink. Different lots of these substances 
were employed alone or in different combinations as follows: (1) Ph. 
tumefaeiens, (2) a mixture of Ph. tumefaeiens and Ph. insidiosa, (3) a 
mixture of Ph . tumefaeiens and Ph. miehiganensis , and (4) a mixture of 
Ph. tumefaeiens and Bum's India ink. 

Control inoculations were made with the following materials: (1) 
Crown-gall bacteria. (2) a mixture of crown-gall bacteria and India ink. 
and (3) a mixture of crown-gall bacteria, India ink and Ph. insidiosa. In 
all cases galls developed at the end of the usual incubation period. 

The movement of inert sulistancos and a correlation of their reactions 
with those of the living bacteria under the conditions of puncture inocula¬ 
tion were considered. Such a study, it was thought, might facilitate the 
analysis of the factors responsible for the movement ami the shape of the 
bacterial masses in the plant tissues. The materials chosen for this purpose 
were Burri's India ink and crown-gall bacteria which had been killed by 
heating to 75°-80° (\ for 45 minutes. After heating the bacteria were 
plated on bile agar, but no growth ap|>eared after an incubation period of 
10 days. Smears of the heated bacteria were made on cover glasses and 
stained with safrauin in order to determine their staining qualities. These 
appeared to be similar to thorn' of the nonheated crown-gall bacteria. Two 
series of inoculations were made with these materials: One with India 
ink, and another with a mixture of the ink and the heated organisms. 

All of the substalid's mentioned in this anil the previous paragraphs 
were introduced by mean of needle punctures into the upj>er parts of young 
tomato plants which were four to five inches high. A loopful of the ma¬ 
terial was placed on the surface of the stem and a needle thrust made 
through the center of the drop and then into the stem. 

Material for study was collected at the following intervals of time 
after the treatment of the stems: 2, 15, 30, 60, 180, and 240 minutes. The 
fixative most commonly employed was fonnal-acetie-alcohol, but Flem¬ 
ming's solutions were also tru'd. The use of these fixatives destroyed the 
mitochondria present and avoided the possible confusion of these bodies 
with the bacteria. The fixed pieces of stems, which were 1 to 1.5 cm. long, 
were dehj’drated in alcohol, treated with chloroform, and infiltrated and em¬ 
bedded in paraffin in the usual manner. Sections were made at varying 
thicknesses between eight and twenty microns; Flemming s triple stain was 
ordinarily employed. This stain was varied when it was desired to demon- 
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strate Gram-positive organisms by introducing Lugol’s iodine solution fol¬ 
lowing the treatment with gentian violet. 

EXPERIMENTAL RESULTS 

The efficiency of the various substances which were mixed with the 
crown-gall organism with the hope that they would indicate its location 
considerably exceeded the expectation. The material treated with mixtures 
of the crown-gall organism and Gram-positive organisms showed the loca¬ 
tion of the different kinds of bacteria very conspicuously. The dark purple 
of the masses of Gram-positive bacteria was frequently located by a hasty 
survey of the section under low powers of the microscope. Under high 
magnification the Gram-positive rods were easily observed. About these 
dark purple rods or intermingled with them the red rods of the Oram- 
negative crown-gall bacteria were discerned. The India ink also served 
admirably to facilitate the location of the organisms introduced with it. 
The black particles of the ink appeared in sharp contrast against all the 
rest of the slide. The comparatively hyaline or red rods of the crown-gall 
organism could be observed among the carbon particles. When used alone 
the ink showed the probable path the bacteria would likely follow. It was 
found that the Gram-negative crown-gall organisms could be obscured by 
the Gram-positive organisms or the ink particles of the concentration of 
these substances was proportionately too great. A preponderance of the 
crown-gall organism over the other substances employed was consequently 
shown to be desirable. Within the length of time employed none of the 
ingredients of a mixed suspension was found to separate one from another. 
This technique served not only to facilitate the location of the “zoogloeal 
masses” of the bacteria, and to follow their movement, but also to find small 
groups of bacteria or even individual organisms. Without the aid of such 
easily discernible bodies many of the smaller groups of the crown-gall 
organisms would certainly have been overlooked. 

The substances used, whether employed alone or in combinations, were 
found to be located in the cavity made by the needle, in the ruptured cells 
about the cavity, in the intercellular spaces of the different tissues, and 
occasionally in the ruptured vascular elements/ Occasionally, even in 
material fixed only two minutes after puncturing, the entire cavity made 
by thd needle was occupied by the bacterial mass. So far, no bacteria or 
carbon particles have been observed inside uninjured cells, although rup¬ 
tured egUs were often completely filled. The chief avenue of progress from 
the puncture into the surrounding tissue was observed to be the intercellu¬ 
lar* space*. Although intercellular spaces, wherever they occurred, ap¬ 
peared td he channel# for die movement of the various substances, those 
of the pith add* sutlpidermal region were the ones commonly followed* 
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The movement in the intercellular spaces was found to be chiefly up and 
down from the puncture with comparatively little lateral movement. Oc¬ 
casionally the organisms or carbon particles were found to have penetrated 
into the vessels of the xylem for considerable distance. However, this took 
place only following ruptures of the vessels by the needle. 

Within the intercellular spaces of sections cut longitudinally the vari¬ 
ous bacteria and India-ink particles were found in three different types of 
distribution: viz, (1) as long continuous or irregularly broken masses 
resembling “zoogloeal strands,” which sometimes filled the entire intercel¬ 
lular space and sometimes occupied only one portion of it; (2) as clumps 
of various sizes usually in contact with the cell walls but occasionally 
appearing to be free inside the intercellular space; and (3* as individual 
particles distributed within the liquid which flooded the intercellular spaces 
at the time of wounding. So one of these three types of distribution has 
lieen found to occur over the range of material studied in much greater 
percentage than the others. The types of distribution in small clumps or 
as individual organisms were found to be much less conspicuous than that 
in “zoogloeal strands.” It is likely that, without the aid of the agents 
used to facilitate their location, many of the less conspicuous groups and 
the individual bacteria would have been overlooked entirely. 

The Appearance of the * * zoolgoeal strands’* was very conspicuous par¬ 
ticularly in cases which involved the mixture of the crown-gall organisms 
\wth Gram-positive bacteria or with India ink. More or less densely 
packed masses of bacteria were readily observed inside the puncture and 
“intruding” along the intercellular spaces from the puncture. Within 
the intercellular spaces the “zoogloeal strands'* were found in several 
conditions. In some eases the entire space was occupied. However, the 
strands sometimes appeared only on one side as if they had progressed only 
in one angle of the intercellular space. Cross sections have repeatedly 
shown that this does occur Also in large spaces the strands sometimes 
appeared as though they had occupied the entire space but had been 
shrunk, as if by plasmolysis. They occupied either a lateral or a central 
position and left a considerable part of the space unoccupied. In such 
cases, particularly when ink was employed, traces of the strand w«re found 
on all the walls. When the advancing tip of the strand was found it often 
was characteristically convex. This rounded tip was a very conspicuous 
feature of these strands. It appeared similar to those described by Nixon 
(4) and Hill (3). It occurred in the cases of dead bacteria and India ink 
just as it appeared with living organisms. 

Clumps of bacteria were observed w hich were of different sizes, irregu¬ 
lar in shape, and commonly appeared to be attached to the walls about 
the intercellular spaces. In such cases the middle portion of the inter- 
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cellular spaces usually seemed to be clear of any visible material. These 
phenomena were observed also when India ink and a mixture of India ink 
and crown-gall bacteria were employed. 

Individual bacteria were found widely distributed in the intercellular 
spaces and gave an appearance very unlike that of “zoogloeal strands ” 
Their distribution was followed from the puncture out towards the end of 
the section for several millimeters but no distinct slime, membrane, or a 
definite tip uas seen. As a rule, they appeared widely scattered in the 
liquid which flooded the intercellular spaces. The denseness of their dis¬ 
tribution diminished gradually with the distance from the puncture until 
finally none could be loeafed. 

Cross sections of the material for study showed the bacteria and the ink 
particles to be situated in three typical positions. (1) As individual par¬ 
ticles or small clumps adhering on all sides of the intercellular space with¬ 
out any visible membrane enveloping them, (2) as small wedge-shaped 
masses occupying one or more corners of an intercellular space, and (3) as 
large masses occupying the entire intercellular space. In the last two cases 
the bacteria were seen as small dots embedded in slime. The blunt ends of 
the wedged-sliaped masses, in some cases, appeared concave but in others 
they were convex. 

A slimy matrix appeared to be associated with considerable concentra¬ 
tions of bacteria. This slime was frequently found in the needle eavitj 
which was sometimes occupied completely. Commonly it appears to have 
shrunk considerably and to have assumed a reticulate character following 
fixation and staining. It has also been observed often in the intercellular 
spaces where it appeared to enclose the bacteria. The composition of this 
slime is uncertain. However, it appears likely that the slime produced by 
the crown-gall organisms in culture and the cell contents released from the 
injured cells at the time of puncturing might provide the necessary ma¬ 
terials. The consistency seems such that it could flow readily through the 
intercellular spaces under the influence of the forces existing there. Not 
infrequently hyaline areas similar to those described by Nixon (4) were 
found around the bacteria in this matrix. These areas were interpreted to 
be vacant spaces caused by shrinking during'* fixation similar to those 
found about bacteria stained in the background of milk or broth. 

The sate of migration of the bacteria in the tissues of the plant waa 
considered. For this purpose materia) for microscopic study was taken 
at different intervals, as> has been stated earlier, beginning with material 
fixed immediately after inoculation and extending through four hours. 
The distances traveled by the bacteria were measured from the margin of 
fhe puncture to the most remote bacteria observed in the intercellular 
speed Ja figirt, 1, where tie results of these measurements are charted, 




Fi a. 1. Graphic presentation of measurements shoeing the distance* traveled bt 
various bacteria and inert materials, alone or in combination, m the intercellular spaces 
of tomato stoma after stated intervals of time following their introduetion through 
nwdlc punctures. 

it may bo soon that there are no significant differences m the average dis¬ 
tances traversed by the bacteria in the various time intervals. A summary 
of these measurements, showing the distances traveled by various bacteria 
and inert substances in the intercellular spaces after stated intervals of 
time, is given in table 1. 

The trials performed with dead bacteria, India ink, or a mixture of both 
offer important evidence on the movement of the various substances in the 
intercellular spaces. These nonliving particles appeared in essentially the 
same distributions as the living bacteria. They formed similar strands 
ami masses (Fig. 2, A-E) and were found also in small groups or as iso¬ 
lated particles. As in the cases with the living bacteria, there were no 
great differences in the average distances traversed during the various time 
intervals. 
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TABLE 1 .- —Summary of measurements shoving the distances traveled by bactrua and 
inert materials tn the intercellular spaces of tomato stems after stated intervals 
of time following their introduction through needle punevres 


Materials introduced 

! Time be- 
! tween in¬ 
oculation 
and fixation 

I 

Measurements 

Range of 
distance 
moved 

1 

J Aterage 
distance 
mot etl 


Minutes 

No. 

Mm. 

Mm 


30 

11 

0.83 to 2.24 

2.61 

Ph. tuinefaciena 

ISO 

15 S 

0.80 to 4.42 

2.68 

Ph. tumefaeions and 

2 

12 

0.70 to 3.90 

2.76 

India ink 

240 

10 

0.44 to 5.31 

3 04 

Ph. tumefaeiens and Ph. 1 





michiganenais i 

60 

8 

0.61 to 4.07 

i 2.59 

Ph. tlimefaliens, Ph. in- 1 

15 

10 

1.72 to 3.71 

2.54 

aidiosa, and India ink 

30 

7 

0.71 to 3.70 

2 48 

Dead Ph. tumefaciena 

o 

9 

1.59 to 3.54 

2.72 

and India ink 

180 

5 

1.59 to 3.54 

i 

2.80 


2 

14 

1 

0.53 to 4.24 

! 

2 92 

India ink 

ISO 

12 

0.60 to 4.42 

2 90 

--- 






Experiments on the possible importance of capillarity ‘Here made in 
relation to the intercellular spaces. Small capillary tubes of pi ass were 
drawn to a size corresponding to intercellular spaces The sus|>ensions of 
bacteria and inert substances rose in them quite rapidly The top of the 
column was always concave when the liquid rose under the influence of 
capillarity. However, when sufficient negative pressure was supplied, the 
top of the liquid was convex. The use of these tubes was open to objection 
because they provided a cylindrical column, while the intercellular air 
spaces usually possess several hollow wedges. Consequently, glass rials of a 
suitable size were drawn out and arranged in small bundles. The rise of 
liquid between them was studied. The meniscafii was concave or convex, 
respectively, depending on conditions, just as it had been with the capillary 
tubes. However, because the rise was difficult to follow clearly when the 
rods were employed in bundles, they were laid as individuals upon long 
cover glasses so that they were in contact with the cover glasses for some 
diatanee. The eover glasses were stood on end, and a small drop of the 
liquid being studied was placed at the lower end. Its rise in the hollow 
wedges between th\ round rods and flat glass was followed with a low- 
power microscope by looking through the eover glass. As was to be ex- 
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2 Photomicrograph* of Burn** India ink crown gall bacteria iud a mixture 
of both in the intercellular space* of tomato stems Magnification approximately \ 1000 
A and B, 81 rands with com ex ends of India ink 

0, D, and E» Strands with convex ends of a mixture of India ink and killed crown 
gall bacteria The bacteria and ink show more or less irregular distribution, sometime* 
appearing as clump* on the walls In I> particle* of ink appear at a on the walls a short 
distance above the convex end of the strand This suggests that the strand once stood 
at a higher position Perhaps plasmolysts accounts for fhe withdrawal downward of 
this strand and the change from a concave to a convex shape at the tip It probably 
accounts also for the clear space* at the sides of the strand m both D and E 

F, Free crown gall bacteria in the liquid released into the intercellular space* by 
the puncture* 
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pected, the liquid rose first in the apical angle of the wedge between the 
glass rod and cover glass. The advancing tip representing the raised edge 
of the meniscus in the narowest part of the angle was ordinarily pointed, 
but sometimes when it stopped the liquid crept along the cover glass and 
appeared to form a more or less rounded tip. An attempt to provide small 
irregular spaces more like those in the plant was made by fusing grains of 
white sand, sifted to secure the desired sise, to a cover glass. This was 
mounted under a microscope, cover glass up, and a small drop of the liquid 
placed at the edge. The movement was similar in the irregular space to 
that between the glass rod and cover glass. The rapidity of the move¬ 
ment in all these cases was influenced by the density of the bacterial sus¬ 
pension. When the bacterial slime was transferred without dilution di¬ 
rectly from an agar slant the movement was much slower than in the case 
of a water suspension of the bacteria. This difference in speed apjHvtrs 
to have been due to a difference in viscosity. 

Although the subject of this study has been primarily the movement of 
the crown-gall bacteria during the early hours after their introduction into 
the stem of the tomato plant, a few sections were made through galls two 
to three weeks old. The technique employed was the same as in the case 
with the work on the early migration of the bacteria. The results secured 
have confirmed those reported earlier by Riker (5) and by Robinson and 
Walkden (7) that the organisms are located within the intercellular spaces 
and that they exert a cell-stimulating influence from that position. 

DISCUSSION 

The Oram-positive bacteria and Burris India ink have been valuable 
aids, when mixed with cultures of the crown-gall organism, in locating this 
organism within the host tissue. In actual practice such mixtures were of 
much greater assistance than was expected. However, this technique is 
open to the objection that these substances, when mixed with the crown- 
gall organism, may provide a condition different from that in which the 
crown-gall organism is used alone. In both these cases the condition may 
also be different from that found during natural inoculation in the field. 
However, it appears unlikely that during the fl£ort time involved in these 
experiments, the Gram-positive bacteria and India ink have introduced any 
important error. On the other hand, they have increased so greatly the 
poasibility of locating and observing the crown-gall bacteria that their use 
appears vetr advantageous. 

' The obeorvations herein reported confirm those of Robinson and Walk** 
d«r(?)and Hitt (8) that,the bacteria occur in mnmm embedded in slime 
whfeh ti# t&tt 4 ‘seogloe^” and “zoogloeal strands.” However, this is not 
tjM onljT foh* tnVhteh tins bacteria appear in the early stages after in- 
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oculation Small clumps, as well as individual bacteria, base been found 
commonly to occupy intercellular spaces several millimeters long These 
findings emphasize Hiker's (3) earlier report of the importance of the 
liquid which flooded the intercellular spaces following the rupture of the 
cells in the path of the inoculating needle In this connection it is note¬ 
worthy that this liquid contains the entire cell contents and not merely 
the cell sap Consequently, a considerable part of it is not subject to re. 
absorption into the surrounding tissue as suggested by Hill (3). 

The conception that the movement of the organisms through the host 
tissue is due to growth has not found support m these studies Four lines 
of evidence oppose this idea (a) No significant progressive mo\ement has 
lieen found for the different time intervals <b) Such inert substances as 
dead bacteria and India ink particles ha\e shown a similar movement to 
corresponding distances (e> The lag period, found by Wright, Hendrick 
son and Riker (8) following transfers of the crown-gall organism, indicates 
that vigorous growth does not occur until considerably later than the times 
considered in this work id » The earlier report by Riker (3 \ that the galls 
developed within the general region imolved by flooded intercellular spaces 
after puncturing has been repeated and confirmed many times If the 
trown-gall organism were capable of actne migration by growth, the crown 
galls which follow punctuie inoculations would probably not be so definitely 
limited 

The mechanism of the movement of the bacteria is not definitely under 
stood Since it appears that growth has little or nothing to do with this 
movement within a few hours after treatment, it seems that \anous physi¬ 
cal forces, including capillarity, eomeetion currents, and negatne pressure, 
may be responsible Tinier the conditions of these experiments motility 
by its flagella of the crown-gal! organism seems to ha\e little to do with the 
progress of the organism m the tissue except, perhaps in the cases of iso¬ 
lated bacteria The rapidity of the ino\enient first suggests that either 
negative pressure or capillarity is primarily responsible for this movement 
Tinier the influence of negatne pressure a convex tip would be expected on 
“zoogloeal strands ” It is possible that, after rising by capillarity, the 
concave tip of a “zoogloeal strand” may become somewhat “plasmolized” 
during the process of preparing the material for examination and change 
into a convex form It is well known that when cell contents become plas- 
molixed they withdraw from the corners of the cell walls and commonly 
appear comparatively convex, rather than angular according to the form 
of the wall That such a thing does at times take place in the ease of bac¬ 
terial masses in the intercellular spaces is suggested by a number of tips, 
one of which is shown in figure 2, D Particles of ink may be seen adher- 
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ing to the wall beyond the tip of the strand. In this case it is probable that 
plasmolysis has turned a concave tip into one that is convex. It seems un¬ 
likely that such details could be observed when the crown-gall bacteria are 
employed without the addition of the ink. In this same figure there also is 
evidence at the side of the strands that shrinkage has occurred. 

The collection on the intercellular walls of thin layers of bacteria and 
clumps of various sizes, leaving the middle portion of the intercellular space 
free, may also be influenced by physical forces, including shrinkage. It is 
considered that originally these bacteria were more or less evenly distrib¬ 
uted in the liquid but under the influence of different reagents it shrunk, 
accumulated upon the cell walls, and left the middle of the intercellular 
space apparently free. 

In consideration of the available evidence it appears that, instead of 
growth, various physical factors, including perhaps water content of the 
host plant, release of cell contents by the needle puncture, bleeding of the 
host plant, capillarity, diffusion and negative pressure, may influence the 
movement of the crown-gall bacteria and the manner of their distribution 
within a few hours after inoculation under the conditions studied. The 
form of these strands as they appear in histological preparations, however, 
may depend upon the shape of the intercellular space and the degree of 
shrinkage. Later on, growth and metabolism of the organism and the vari¬ 
ous physiological responses of the host plant, together with these physical 
factors, may be influential in the progress of the bacteria through the tissue 
In this connection osmotic pressure must certainly be taken into account. 
A consideration of this phase of the subject is beyond the scope of 
this paper. 

SUMMARY 

1. Finding the erown-gall bacteria in the steins of tomato plants a few 
hours after their introduction through needle punctures was facilitated by 
mixing Gram-positive bacteria or Burri’s India ink with the inoculum. 

2. The bacteria were found in the cavity made by the needle, in rup¬ 
tured cells, and in the intercellular spaces. They occurred in the stained 
preparations as strands which were sometimes^eontinuous and which had 
convex tips, as clumps of a number of individuals, and as individual cells. 
All three types of distribution were observed in the same slide. 

3. The distances traveled by' the bacteria within the first four 
hours after introduction were quite variable. No significant progressive 
movement attributable to growth was observed. 

4. Dead crown-gall bacteria and particles of India ink showed the same 
types of distribution anjji moved approximately the same distances as the 
living crown-gSIJ bacteria 



1930] 


IVAXOFF AND UlKEK: CROWN Gall 


829 


The mechanism by which the bacteria and inert substances employed 
in these experiments are moved through the intercellular spaces is not defi¬ 
nitely understood. Several lines of evidence oppose the coneept that the 
movement studied was the result of growth. Various physical forces, par¬ 
ticularly capillarity and negative pressure, seem important. The physio¬ 
logical disturbances incident to the inoculations also deserve consideration 
Department of Plant Patiiolooy, 

r.VIVKRHITY OF WISCONSIN, 

Madison, Wis. 
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SOME POSSIBLE CAUSES OF STREAK IN TOMATOES 1 

W I). V A L L E A l AM) E . M JOHNSON 


In studying the problem of the virus diseases of tobacco, as the} occur 
in Kentucky, one is impressed by the increasing number of what appear to 
be distinct strains of several groups of viruses The diseases produced b} 
the different viruses often can be distinguished only by a comparative stud} 
under controlled conditions Several of the tobacco viruses under stud\ 
are likewise found in tomatoes, causing a disease which might logicall} be* 
called tomato mosaic Therefore the terms tobacco mosaic and tomato 
mosaic have but little meaning to a student of the urus diseases of these** 
crops and merely lead to confusion when used in this wa> in the literature 
This statement ma} need some qualification with respect to true tobacco 
mosaic, typical cases of which are recognized bj most pathologists, but eten 
true tobacco mosaic ma> be caused b> se\eral distinct urns strains It now 
appears to be agreed that tomato streak is caused b} a urus or a mixture 
of uruses but there seems to be doubt as to the exact identit} of the uruses 
concerned One of them is the urus present m the so called health} pota¬ 
toes The identity of the others, if more than one is concerned is certainh 
a matter of conjecture As the writers hate a considerable number of dis¬ 
tinct virus diseases under stud} practical!} all of which were obtained orig¬ 
inally from natural!} infected tobacco an attempt was made to clarify some 
of the confusion which appears to exist as to the cause of streak in tomatoes 

LITIJtATt HI Kt t 11 W 

Ah the literature on streak has been reuewed recent!} <1 9» it is hard)} 
necessary to mention more than a few recent papers Gardner and Ken¬ 
drick (2), in discussing mosaic of tomatoes, pictured streak as one of its 
symptoms, thus recognizing the unis nature of the disease Vanterpool 
(9) observed the significant fact that if streak material is dried from 3 to 
9 months and then inoculated into tomato plants, it no longer produces 
streak but onh a severe case of mosaic He thus demonstrated that a strain 
of true tobacco mosaic was present Acting on the suggestion obtained 
from a report by Johnson (3), he inoculated tomato plants with tomato 
mosaic and an extract from mosaic potatoes and obtained what he consid¬ 
ered to be typical streak 

Berkeley (1), while admitting the virus nature of streak, states that 
4 'the experimental evidence reported here does not agree with the theory 

1 The investigation reported in thw paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
Director* 
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of a combination of tomato and potato mosaic viruses as the true cause of 
streak.” He claimed that juice from healthy potato plants produced defl- 
nite streak in tomatoes, as well as that from mosaic potato plants, and from 
potatoes with streak. Vanterpool had been unable to produce streak in 
tomatoes by inoculating with potato streak material. Berkeley also noticed 
apparent differences in rate and ease of spread of streak in various places 
and likewise differences in symptoms, which appeared to be of significance. 
Smith (»i), in studying the transmission of a potato-mosaic virus to toma¬ 
toes, found that a mixture of the potato virus with a yellow mosaic will 
cause a severe disease which has all of the characteristics of streak. The 
mixed-virus theory of the disease is also confirmed by Stover (6), who 
showed that mosaic tomato plants developed streak w*hen inoculated with 
the juice of potatoes affected with mild mosaic, rugose mosaic, leaf roll, 
spindle tuber, or apparently healthy potato. While there appears to be a 
multiple cause of streak in these exj>eriinents, all may be interpreted as con¬ 
firming the tomato mosaic plus healthy-potato virus theory of the disease, 
as it is entirely probable that the various potato plants used all carried the 
healthy-potato virus in addition to some other virus, the latter either alone 
or in conjunction with the former resulting in the symptoms described as 
rugose mosaic, leaf roll, etc. 

FIVE GROFFS OF VHU SES AFFECTING BOTH TOBACCO AND TOMATO 

For the past several years the writers have been studying the virus dis¬ 
eases of tobacco as they occur on the Experiment Station Farm at Lexing- 
ton and vicinity and have obtained a few* tobacco viruses from other States 
(7). The Experiment Station Farm is particularly well supplied with 
virus diseases, probably because potatoes, tobacco, and tomatoes have been 
grown more or less regularly for many years and because perennial weed 
hosts are abundant. Cultures of all the virus diseases which in any way 
appear to differ have been collected and then passed through a succession 
of Turkish tobacco plants in the greenhouse and the symptom* compared. 
In this way it has been possible to separate virus diseases which superfi¬ 
cially appear alike and to group them on the hasp of similarities of symp¬ 
toms. At least five groups of viruses that affect both tobacco and tomatoes 
have been recognised. These sre the true tobacco-mosaic group, character- 
ised by the well-known symptoms of tobacco mosaic, having the unique 
ability of living for years in dried tobacco material, and apparently affect¬ 
ing only members of the Solanaoeae; the etch group, characterised by a fine 
necrotic etching on the rubbed leaves and on one or more leaves which first 
develop alter inoculating Turkish tobacco plants; the viruses of the eueum- 
ber-moasic gn£>qp, bpt chAaetcrixed by their ability to cause mosaic in 
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cucumbers (tobacco ring spot Hill also do this but should not be confused 
with the cucumber mosaics); the veinbanding virus, causing a disease in 
tobacco fields where potatoes have formerly been grown but causing very 
faint symptoms m tomato; and the virus obtained from so-called healthy 
potato, which Hill be designated as healthy-potato or the potato virus in 
this paper. The disease caused by the healthy-potato virus used m these 
experiments is of the type designated by Janies Johnson ( 4 ) as 4i ringspot.” 

The studies to be reported have been conducted Hith certain of the 
above mentioned virus strains which Here thought to be pure or to contain 
but a single virus strain. It must be stated that there is no absolute cer¬ 
tainty on this point, but it is probable that if mixtures occurred they uere 
betneen strains of the same type of virus so much alike as not to affect the 
results Small numbers of plants have bin'll used throughout the tests, a 
fact nlnclt might bring their accuracy into question, but, as the methods 
of handling the virus diseases have been refined over a period of years to 
a point nhere accidental infections rarely occur and as transfers hate been 
made back to tobacco plants m all cases, ue have confidence m the results 
The method of inoculation used is that of crushing the viruhferous mate¬ 
rial in a sterile culture dish with a stick bound on the end with a piece of 
cheesecloth and then sterilized A piece of waxed paper is laid on the left 
hand, the leaf to be inoculated is supported on this paper, and the padded 
stick used to rub the inoculum on the leaf Although main virus strains 
are kept m one house accidental infections arc so rare as to be 
nearly negligible 

The tomato plants were grown in half gallon or two gallon jars of forest 
soil and were kept in a vigorous growing condition by frequent applications 
of nitrogen salts 

The healthy-potato virus used in two experiments was obtained from a 
very mildly mottled tomato plant growing in the Horticultural Greenhouse 
not far from Irish Cobbler potatoes Tins virus strain had been studied 
lor over a year in comparison with the virus obtained directly from these 
Cobblers, and no differences could lx 1 noted m Turkish tobacco plants in¬ 
fected with them In a third experiment the virus used was obtained origi¬ 
nally from an apparently healthy Irish Cobbler plant 

TOBACCO MOSAIC VIRUSES 1*LI s IILALTI1V -i'OTATO VIRUS CAl sb STREAK 

Tomato plants were inoculated with the potato virus, with three distinct 
strains of true tobacco mosaic, and with these in combination with the 
potato virus Mild mosaic alone caused very mild symptoms, the plants 
appearing nearly healthy Severe mosaic caused leaf distortion, blistering, 
mottling and no necrosis The healthy potato virus alone caused faint mot- 



Phytopathology 


l Vol. 20 


334 

tling but no distortion or necrosis. In combination with liealtky-potato 
virus mild mosaic resulted in a mild form of stem streak with leaf necrosis, 
faint mottling, and slight leaf distortion. The potato virus in combination 
with severe mosaic resulted in streak of a more severe form. Stem and 
petiole streaks were numerous and prominent, leaf necrosis was severe and 
the leaves were distinctly mottled and distorted. Yellow tobacco mosaic, 
a disease very similar to severe tobacco mosaic except that yellow blotches 
are produced in the leaves, in combination with the potato virus caused 
streak of about the same degree of severity as that resulting from severe 
tobacco mosaic in combination with the potato virus. In tomato the yellow 
blotches are produced as in tobacco. 

Inoculations were made from the affected tomato plants to Turkish 
tobacco. The combination viruses in each case produced symptoms typical 
for the tobacco virus concerned except that small necrotic rings typical of 
the potato virus usually developed on rubbed leaves and small necrotic spots 
developed on the later mottled leaves. The single viruses in each case gave 
the expected results. 

CUCUMBER MOSAIC VIRUSES PLUS HEALTHY-POTATO VIRUS CAUSE STREAK 

Tomato plants were inoculated with three strains of cucumber-mosaie 
(Types 1, 2, and 3) which produced distinct symptoms on both tobacco and 
cucumbers, and with these in combination with the potato virus. Type 1. 
which represents the cucumber mosaic most commonly found in cucumbers 
and tobacco in Kentucky, caused narrowing of tomato leaves but no necro¬ 
sis except on rubbed leaves. Type 2 caused no leaf distortion or necrosis 
but the leaves produced subsequent to inoculation were mottled with ring¬ 
like patterns. Cucumber mosaic type 3 causes severe distortion in tobacco 
and results in fern-leaf and slight leaf necrosis of unrubbed leaves in 
tomato. While the cucumber mosaics inoculated in combination with the 
potato virus did not produce streak so consistently as the true tobacco 
mosaics yet streak was produced with each of the three types. Failure of 
the cucumber mosaics to produce streak in certain instances appeared to be 
due to difficulty in transferring these viruses to|omato. Cucumber mosaic 
type 3 pins the potato virus produced more severe streak symptoms than 
either of the other two types snd in one experiment this virus combination 
produced more severe symptoms than any other combination tested. In one 
instance the fruit on a streak plant was spotted with small brown raised 
lesions on tin surface of the fruit. This was the only ease observed where 
dm fruits showed symptoms except those on plants affected with ring 
manic. The ^ epne of fruit symptoms is probably of little significano* as 
the plants eon|i hit he k&pt in as vigorous a state of growth in jars as in 
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benches of soil. Inoculations from the affected tomato plants to tobacco 
indicated that accidental infections with the true tobacco mosaic viruses had 
not occurred in the case of streaked tomato plants, although one tomato 
plant inoculated with cucumber mosaic type 3 alone was found to have con¬ 
tracted tobacco mosaic toward the end of the experiment. Tobacco plants 
affected with the mixed viruses, cucumber mosaic and healthy potato, devel¬ 
oped symptoms typical of the cucumber mosaic concerned but with some 
leaf necrosis. 

ETCH VIRUSES PLUS HEALTHY-POTA*TO VIRUS CAUSE STREAK 

Tomato plants were inoculated with three strains of the etch virus, etch, 
etch ', and severe etch, each capable of causing a disease of a different de¬ 
gree of severity in tobacco. These were also used in combination with the 
healthy-potato virus. The etch viruses alone cause narrowing, marked dis¬ 
tortion and mottling of tomato leaves. The diseases produced could readily 
be mistaken for those produced by the more severe strains of tobacco mosaic. 
Plants affected with severe etch were always more stunted than other plants 
in the experiments. Each of the etch viruses in combination with the 
healthy-potato virus caused stem and petiole streak and extensive leaf 
necrosis. Etch , which produces more marked symptoms in tobacco than 
etch, caused more severe streak on tomato when combined with the potato 
virus than eteh. Transfers from the affected tomato plants to tobacco gave 
the expected results indicating that accidental infection with tobacco mosaic 
had not occurred. The potato virus caused slightly more pronounced 
necrosis in t< bacco when combined with an etch virus than the etch virus 
alone. 

KING MOSAIC* VIRUS USED ALONE PRODUCES STREAK* 

The riug mosaic virus, so named because it produces symptoms some¬ 
what similar to tobacco mosaics hut with a distinct tendency for the mot¬ 
tling to be in the form of rings, appears to be of the same nature as the true 
tobacco mosaics in that it withstands drying. This virus m combination 
with the healthy-potato virus cause* a severe stem and petiole streak and 
leaf necrosis. When used alone it also causes stem and petiole streak and 
leaf necrosis, but perhaps slightly loss severe than is caused by the mixture 
The virus has produced streak in tomatoes when transferred either from 
green tobacco plants or from dried tobacco. As the healthy potato virus 
does not appear to be able to withstand drying the possibility of a mixture 
with it seems to be eliminated. Fruits produced on tomato plants affected 
with ring mosaic often develop depressed chlorotic rings of varying sixe. 
The rings sometimes become necrotic soon after they develop resulting in 
* Thi* virus dines*? of tobacco was earlier designated C.T. (6). 
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misshapen distorted fruits. Transfers from the affected tomato plants to 
tobacco gave the expected results, with slightly increased leaf necrosis in 
the case of the mixture. 

VIBU8 COMBINATIONS WHICH DID NOT PRODUCE STREAK 

All of the possible combinations of the different strains of viruses under 
study were not tested for their effect on tomatoes. The possible combina¬ 
tions of virus groups, except vein banding, were made but none in which 
the healthy-potato virus was not present produced streak or leaf necrosis. 
The combinations tested were: Cucumber mosaic type 3 plus severe tobacco 
mosaic, eucumber mosaic type 2 plus etch -, and etch • plus mild tobacco 
mosaic. A combination of veinbanding with the healthy-potato virus failed 
to produce streak in tomatoes although it sometimes results in slight-leaf 
necrosis. This combination frequently causes streak in seedling potatoes 
and the veinbanding virus alone when passed to Cobbler potatoes frequently 
causes leaf necrosis and streak, although the latter symptoms usually dis¬ 
appear if the plants make further growth. 

DISCUSSION 

The results have shown clearly that streak of tomatoes may be caused 
by each of the virus strains tested except veinbanding, when used in com¬ 
bination with the virus from apparently healthy potatoes. One virus of 
the true tobacco-mosaic group, designated ring mosaic, was found to pro¬ 
duce streak when used alone. It produces depressed, somewhat chlorotic 
rings sometimes half an inch in diameter on the surface of the tomato 
fruits, and can thus be easily identified.’ Ten cases of tomato streak were 
produced by inoculating 10 tomato plants with dried tissue of plants in¬ 
fected with this virus, thus tending to eliminate the possibility of its being 
a mixture with other than true tobacco mosaics. 

While all possible combinations of the virus strains were not tested, the 
possible group combinations, except veinbanding, were tried with the result 
that no combination in which the potato virus was not present produced 
streak. 

It is thus seen that streak is a symptom with little or no etiolugic sig¬ 
nificance except that it indicates a virus disease of tomatoes due, in certain 
instances, to a mixture of viruses, one of which is likely to be the virus com- 

• This disease of tomatoes is appamtty ilaatksl with one of the streak diseases 
reported at fto Das Ifoiaao masting by 8. P. Doolittle sad H. L. Blood (Abstract Is 
Ptartopath. M, 1*30) ta which similar rings oa the fruit wars illustrated. Doctors lfss 
W. Gardaer aadtf. B. Kendrick taformsd the w ri ter s that similarly marked frail is often 
aan la ifcipmeats of tomato* from Qslifmia. Taoea latt oaa from what may bare beea 
ana of tkeas traits was moAd oa ft Brewer, Keadriek oad Gardaer. Effort of mosaic 
«a aarbohjGrat* contest of the tomato pfaut. Phytopathology Id: 848-401. 1PM. 
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monly found in apparently healthy potatoes. This raises the question as 
to the cause of streak in epiphytotics. That it will be found to be caused 
by different viruses or mixtures of viruses is to be expected from the pub¬ 
lished reports of other investigators. Berkeley claimed to be able to pro¬ 
duce streak with the juice of healthy, mosaic, and streak potato plants. 
The cucumber-mosaic viruses and the etch viruses are each capable of in¬ 
fecting potatoes and may have been concerned in Berkeley's experiments, 
or it is not impossible that viruses other than those so far recognized may 
have been present in his potatoes and, together with the healthy-potato 
virus, may have caused streak when transferred to tomatoes. Considering 
the large number of virus diseases of potatoes and the almost universal 
presence of at least one virus in all apparently healthy potatoes, it would 
not be surprising if. even in seemingly healthy potat<ie* of certain varieties, 
a virus combination were found, capable of causing streak in tomatoes. In 
the present studies we have seen no indication that the virus commonly 
present in healthy potatoes, when used alone, can cause other than a mild 
mottling in tomatoe*. 

In epiphytotics of streak in tomatoes, it is desirable that the particular 
viruses concerned be determined, as this knowledge may assist in determin¬ 
ing the source of the trouble. If only tomatoes are used as a host for a 
study of the virus symptoms, determinations are nearly impossible. Turk¬ 
ish tobacco has proved valuable for this purpose because the plants arc rela¬ 
tively small and occupy but little bench space and because the symptoms 
of the various virus groups are distinct enough to make determinations com¬ 
paratively easy. If transfers are made from streaked tomato plants to 
Turkish tobaceo by the rubbing method, both viruses concerned are likely 
to be transmitted to the tobacco. Tsually the healthy-potato virus will 
manifest itself by the presence of small necrotic rings on the rubbed leaves 
and by a slightly increased amount of necrosis in later leaves, if it is in com¬ 
bination with another virus. The other virus will usually produce nearly 
its typical symptoms, which may be recognized. For those not familiar 
with the symptoms of the virus groups here discussed, further tests may be 
necessary.* If the streak material is dried and inoculations of tomato or 
tobaceo plants produce a mosaic, it is almost certain to be one ot t!.-■ strains 
of true tobacco mosaic. For comparison, true tobacco mosaic may Ik* read¬ 
ily obtained by moistening tobacco of nearly any of the common brands of 
cigarettes or smoking tobaccos and rubbing this decoction on healthy 
tobacco leaves. If the vims from streak plants does not withstand drying, 
it may be the virus of one of the cucumber mosaics. The* may be deter- 

4 A more extensive description of the virus disease* concerned m the present studies 
will be found In Kentucky Kxp. Ht», Bui, 306. 
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mined by inoculating cucumbers. If mosaic develops, it may be considered 
proof that one of the strains of cucumber-mosaic virus is involved, as at 
present there is only one other known cause of mosaic in cucumbers, 
namely, tobacco ringspot, and this will not transfer readily to tomatoes. 
If one of the etch group of viruses is concerned, the fact will readily be 
recognised if young, vigorously growing Turkish tobacco plants are inocu¬ 
lated with the streak tomato juice. The fine necrotic etchings which ap¬ 
pear on the upper surface of one or more of the new leaves of Turkish 
tobacco following inoculation are very characteristic. In view of the fact 
that members of these virus groups are capable of producing streak on 
tomatoes when inoculated together with the potato virus, it would not be 
surprising if other viruses also may be found to cause streak of tomato<»s 
when mixed with the healthy-potato virus. 

A determination of the viruses concerned in streak may suggest its ori¬ 
gin and consequently may assist in control. If the healthy-potato virus is 
one of the complex, it immediately suggests potatoes as at least one source 
If the true tobacco mosaic is one of the complex, in a region where tobacco 
is not commonly grown, personally used tobacco is suggested as a possible 
source of this virus, as it is readily transmitted to tomatoes if the hands 
become contaminated by handling viruliferous smoking or chewing tobacco; 
or they may become contaminated by handling indicated tobacco stems, 
commonly used for fumigating greenhouses. 

The cucumber-mosaic viruses and the etch viruses may originally have 
come from potatoes, as both appear to be transmissible to and from potatoes 
by insects or they may come from weeds (8>. ft has been observed that 
one of the etch viruses will spread very rapidly through a tomato planting 
in the field if a source of inoculum is present. 

The seeming failure of Myzun ptrsicae to transmit the healthy-potato 
virus 4 suggests that its presence in tomatoes in the greenhouse may result 
from handling potatoes or potato plants carrying the virus and subse¬ 
quently handling tomato plants. It thus appears that mechanical as well 
as insect transmission must be given consideration in attempting to explain 

original infections of tomatoes with streak and its subsequent spread. 

* 

oonaurHioNH 

* * 

1. A Rtttdy 1mm beeo made at the pomibility of cauxing xtreak in toma¬ 
toes with various tobacco vinwra. both in combination with the no-called 

* Thto to )>atoj0 oa the belief that the riagxpot of tobacco, aa reported by X. hi. 
Stott (Am. Apft, |M XVI, No. 3, 1M9) to caaaed by a mixture of the healthy- 
potato raw tfi htotowett-tnuamlttod rim, which produce* a d to a aa c la tobacco which 
we hare p e e rtew ely a p rn e d reiaboetoer or reiabaading. fkaith baa aaew aad that appar- 
aetty hjwlfhy petato^jAum an M rm - t r m became of b’e failure, following laoculatloa 
to tnl igp w , to obtaia pecogaitabto aymptoraa. 
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health}-potato virus and m other combinations m which the healthy-potato 
virus was not included 

2 Streak has been produced b} an unmixed \irus apparently belonging 
to the true tobacco-mosaic-viru« group, by three other strains of the true 
tobacco-mosaic \iruses plus the healthy-potato \irus, and b> three strains 
of the cucumber-mosaic viruses plus the health} potato virus, and b} three 
strains of the etch virus plus the health}-potato virus 

3 Streak Mas not produced b> a mixture of one of the etch viruses and 
a \irus of true tobacco mosaic, b\ the cucumber-mosaic \irus plus true to¬ 
bacco mosaic, bv cucumber mosaic mi us plus the etch - virus, or bv tlie 
health} potato Mrus plus veinbanding 

4 The v irus strains w ltlun a given v irus group differ pnmaril} m sevcr- 
it\ of 8} inptoms produced on a given host In the three Mrus groups under 
stud}, the one m each group producing the most se\ere s}mptoms on to¬ 
bacco resulted in the most severe streak of tomatoes when combined with 
the potato virus 

imKATiK* cmr> 

1 Britan r\ C# H **tudie*« , n tomato utrcak N< i \gr 7 210-2-3 1926 

2 (• akon t k Max \\ ami Jam»s B Ktsdruk Tomato mo*aic Indiana Agr Exp 

sta llul 2<> 1 1022 

7 Johnson Jamis A virtu from potato tr im<mi«wibl< t< tobmo Phvtopith 15 

46 1927 

4 rnnumuwonn of \ mis ^ from ippircntlv lu lltliv potatoes Wis 

\gr i tp Nta llul t 1 1S27 

5 Smith J 1Um»fkkon The trnn*nmwion of pot ito iiuhiu to tomato Vnn \j»p 

Bud 15 717 728 1928 

8 Srovra W It 1 xj* runcnt* with tomato Mreik Phvtopath 18 174 1°28 

7 Vaufai, W I), and E M Johnson Vum urtu <1 im men of tobtuso in K<ntuchv 

Phvtopath 18 372-177 1928 

8 -- and-- VVetd control and tin potato vtriu problem \m 

Potato Jour 5 277-279 1928 

9 i axtekpooi , T <* Mreak or winter blight of tomato in (Quebec Phvtopath 16 

311 331 1926, 




THE LONGEVITY OP PHYLLOSTICTA SOLITARIA E. AND E. ON 
APPLE SEEDLINGS HELD IN COLD STORAGE 

J. A. McCuxtock 

Gardner and Jackson 1 have pointed out the relationship of blotched 
apple seedlings to the spread of Phyllosticta solitaria in Indiana, and 
observations in Tennessee since 1923 fully substantiate their findings. 

Since most of the blotch cankers on apple seedlings are above the crown, 
it is to be expected that there will be less spread of the causal fungus from 
infected seedlings to scions in nurseries where most of the propagation is 
done by whip grafting. Nearly all of the seedling top is discarded in 
making piece-root grafts, yet the danger from blotch-fungus-infected seed¬ 
lings is not entirely eliminated, as is shown by cases of well-developed blotch 
cankers on the trunks of grafted apple trees, both below and above the 
union. 

Examination of apple seedlings shipped into Tennessee since 1923 has 
shown the presence of varying amounts of blotch-fungus infection from 
year to year. Since blotch-infected seedlings are found continually in 
shipments, nurserymen should cull, on arrival from seedling growers or 
dealers, all trees which show such cankers. 

At'PLK tiuvrril ON SEEDLINGS FROM ('OLD STORAGE 

The extent to which fruit-tree seedlings are held in a dormant state, 
from one year to another, in cold storage is not definitely known. However, 
two cases are known where, in years of heavy seedling production, a Ten¬ 
nessee nursery held surplus lots of 50,000 and 60.000 apple seedlings in 
eold storage throughout an entire growing season and then used them the 
following year. 

The apple seedlings from which the following data were obtained were 
grown in midwestem seedling nurseries in 1927 and shipped to the pur¬ 
chaser in the wiuter of 1927-26. They were held in paper-lined boxes in 
nonheated rooms until May 1, 1926. Thou 60,000, in their original packing 
boxes, were placed in a commercial eold storage. They were held at tem¬ 
peratures rauging from 34° to 36° F. No moisture was added during the 
storage period. On February 6, 1929, the boxes of seedlings were removed 
after being in cold storage for nine mouths. They w*ere taken to the 
nursery to be used for propagating purposes. 

A few hundred of these stored seedlings were obtained for tests at the 
Tennessee Agricultural Experiment Station in comparison with seedlings 

i Gardner, Max W., and H. 8. Jackson. New aspects of apple blotch control Phy¬ 
topath. IS: 44. 1923. 
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grown in 1928. While examining these cold-storage seedlings, preparatory 
to lining oat in test rows at the University farm, the writer observed typical 
blotch cankers. This test lot was then carefully sorted and the seedlings 
having the largest number of cankers per tree were selecteed. The cankers 
appeared similar to those found from year to year on seedliugs raised in 
midwestern nurseries. Careful examination of each canker allowed no 
evidence of enlargement of the original cankers during the cold-storage 
period of nine months. 

THE DEVELOPMENT OK HLOTCH-KlNlil'S CANKERS ON l*OTTED HKEDLINOS 

According to Roberts.* the blotch-fungus in the older portion of a canker 
dies. As these stored seedlings showed no evidence of canker growth for 
more than a year, it seemed desirable to determine whether the cold-storage 
period to which the seedlings had been subjected had eliminated the danger 
of spreading Phyllostuia solttaria from the cankers formed during 1927. 
Seedlings from the most heavily infected lot were root pruned, and set in 
large pots of soil on March 8, 1929. Among these |>ottcd seedlings were 
planted apple seeds freshly removed from healthy Yati-s apple fruits. The 
pots were labeled and set on a greenhouse bench for observation. Buds on 
some of the stored seedliugs began to show signs of growth within three 
days and, in most eases, the seedlings developed normally. Some seedlings 
in each pot failed to start and within a few weeks died. Somewhat later 
additional seedlings appeared in the {Hits from the Yates seed planted 
March 8, 1929. 

As the season advanced, temperatures within the greeubouae became too 
high for the best growth of the seedlings, so the pots were moved to a plat 
outside the greenhouse but near enough to it to be watered. As seen in 
figure 1, these potted seedlings made fair growth, considering the restricted 
soil area to which they were confined. 

As the growing reason advanced, it was obvious that the blotch fungus 
was spreading from the old cankers into the surrounding stem tissues of 
the potted seedlings. Eventually pycnidia appeared on the surface of the 
new canker tissues formed about the old cankers. This indicated that 
Pkylloiticta tolitaria in cankers formed on the seedlings in the midwestern 
nurseries iu the summer of 1927 had remained alive but dormant until 
conditions became again favorable for its development in the spring of 
1929. Following the development of new canker growth on the stored 
seedlings, as seen in figure 2, 1 typical blotch-fungus infections began to 
appear on the leaves, which were chiefly on the new growth above the 
cankers. Ih contrast the leaves on the small Yates seedlings were heavily 

» Xeberts, J«b» W apple blftch sad iU control. U. 8. Dept Agr. Bol. 834, 1M7. 
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Fm 1. (‘old utorugr needling*, allowing tm»*t of the 1929 twig and leaf growth above 
the 1927 trunk ranker* The nitwit needling* are from ^ates 


need planted in the pot. 


infected, ah Keen in figure 3. 1. This difference was chiefly due to the fact 
that the Yates seedlings being .shorter had more leaves below the eankers 
where spores readily ft»ll upon them. The majority of the leaf spots de\el¬ 
oped single pycuidia, the characteristic form which the specific name of the 
fungus ia derived. 

On August 24 typical petiole cankers (Fig. 2. Si were found on several 
leaves on the small Yates seedlings. These petiole cankers contained 
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numerous pycnidia. In a single case Phyllosticta sohtaria had progressed 
from one of these petiole infections and formed a small but typical canker 
on the trunk of a Yates Beedling. This canker could not be photographed 
as it grew in the pot, and it was not desirable to sacrifice the seedling for 
a photographic record at that time. 

As there was no other near-by source from which the leaf spot and 
petiole infections could have developed, their presence on the Yates Reed- 
lings indicated that infection came directly from the renewed growth of 
the blotch fungus from the old cankers on the stored seedlings. 



Fio. 2. 1. An enlargement of a potted cold etorage seedling, showing the 1927 
canker at A and at B the new ranker tissues produced in 1929 by an outgrowth of the 
blotch fungus from the 1927 canker. 

t. Leaf from Yates seedling growing in pot with the cold storage seedlings. Note 
the typical petiole infection of the blotch fungus at A. 

Of a total of 83 blotch-fungus bankers on the potted seedlings, six 
showed'no signs of new growth and appeared to be dead, while 77 showed 
typkMl new growth, as seen in figure 3, 1. In nine eases Pkyttostieta soli- 
fofd* had grown from old cankers directly into new growth produced by 
bods Adjoining the «!d cankers, thus enlarging the old cankers on both 
the $927 sad the lid® growth. These facts indicate that P. seUtario will 
lire tit nine months on seedlings held at temperatures of 34° to 86° P. 
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Fio. 3. /. Uavw from Yates seedlings growing in pot*. Note the circular spots 

on the upper surfaces of the leaves, with single pycmdia typical of blotch leaf infection. 

Cold storage seedlings collected in a commercial nursery September 7, 1929. On 
the seedling to the left the 1927 blotch canker, with new 1929 growth at A, is well above 
the inserted bud B and would be removed in cutting the seedling top back to the bud. 
On the seedling to the right the new blotch canker granth at C adjoins the inserted bud 
so closely that it eould not all be removed in topping. 

J. Lined-out apple seedlings taken from the test plat August 26, 1929. Note the 
1927 cankers at A and the new 1929 canker growth at B produced by the growth of 
the fungus from the old rankers. 

4 . Two cold-storage seedlings collected in a commercial nursery on September 7, 
showing the new 1929 bloteh ranker growth at A. These cankers below the buds, which 
are enclosed in the raffia wraps, would not be removed in topping the seedling stocks. 

5, Cold-storage seedlings collected in a commercial nursery September 7, 1929. The 
vertical and horisontal cuts on the seedling stocks are directly into blotch cankers. The 
Inserted bads at A are almost surrounded by the new 1929 blotch-canker tissue B, which 
developed from 1927 cankers like C. 
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DEVELOPMENT OF PHYLLORTICTA SOLITARIA IN CAN KERR ON STORED 
SEEDLING8 LINED OUT IN THE FIELD 

On April 8, 1929, the less heavily infected seedlings from cold storage 
were lined out in a section of nursery row for comparison with nonstorcd 
seedlings as to growth and vigor. While the percentage of loss through 
subsequent death was higher in the stored seedlings, those that lived made 
satisfactory growth and were ready to bud as soon as nonstorcd seedlings 
of the same grade growing under similar conditions. 

On August 26 the lined-out blotched seedlings were examined to deter¬ 
mine to what extent the fungus had developed under field conditions. 
Figure 3, 3 is typical of the new canker development in these seedlings. In 
all cankers examined, more or less new growth had developed about the 
old cankers. This indicated that Phyllosticta solitarta was alive in nearly 
all of the cankers at the time the stored seedlings were lined out in the 
field. These data indicate that blotch-fungus-infeeted stored seedlings are 
as dangerous in spreading the causal fungus as are infected seedlings grown 
the previous season and not held in cold storage. 

BLOTCH CANKERS ON STORED SKEDUNOS LINED OCT IN A 
COMMERCIAL NCKSEKY 

To obtain additional data on the extent to which PhyUotlira sohtarut 
lives over on cold-storage seedlings, the nursery from which the stored seed¬ 
lings came was visited on September 7. This nursery, about 200 miles from 
the University farm, consists of several separated farms. The farm on which 
these seedlings were set waN at least a mile from any apple nursery stuck 
The particular field had been in a rotation of general farm crops, and no 
apple trees had been grown there for six years. With such isolation it 
would be expected that the existing blotch-fungus infection had been intro¬ 
duced on infected seedlings. 

As is the practice in Tennessee nurseftkc. the majority of the seedlings 
removed from cold storage on February 8 had been used for whip grafts. 
These grafts, which included a number of comipercial varieties, had been 
lined out according to nursery practice and were making satisfactory 
growth. As the graft unioqs in all cases were well below the ground, the 
seedling stocks could not be examined for blotch cankers. A careful 
examination of the. old and new scion growth aboveground allowed no 
evidence of blotch Infection on thousands of whip grafts, many of which 
are susceptible varieties. 

Adjoining the Mock of whip grafts was a block of 5,000 of the seedlings 
from cold storggt Which had been lined out in April, 1929. These seedlings 
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had made pood growth and had been budded during the latter part of July 
and early August. In nearly all eases the buds were still covered with 
raffia wraps, but active blotch cankers were readily found on the seedling 
stocks, as seen in figure 3, 4. Such cankers on the seedlings lower than 
the points where buds were inserted might easily be overlooked by bud- 
ders and probably would not be detected in subsequent field operations. 
Spores liberated from pycnidia in these cankers would Is? a ready in¬ 
oculum for new bud growth the following season. On further examina¬ 
tion seedlings like those of figure 3. 2, were found with active blotch cankers 
both above and adjoining the inserted buds. The cankers some distance 
above the buds would probably not la* a source of danger because cutting 
back the tops to the buds the following spring would remove them before 
new bud growth started. In the case of cankers adjoining the inserted 
buds, however, tlie danger of infection would la* much greater, since in¬ 
fected tissues would not la* entirely removed in cutting the tops back to 
the buds in the spring. The fungus in that part of the canker left on the 
seedling stock could attack the bud either by direct mycelial growth as the 
canker enlarged or by s|a>res from pycnidia attacking the new growth from 
the inserted bud. 

It is not a general practice to give apple nursery stock the frequent and 
thorough liordcaux sprays which arc effective in controlling blotch of 
bearing orchard trees. Even such sprays, which would reduce spore infec¬ 
tion. would not assure blotch-free trees as long as blotch-fungus cankers 
adjoined the inserted buds. 

Ordinary turnery workers are not familiar with the appearance or 
seriousness of the blotch fungus on apple seedlings, as is clearly demon¬ 
strated by figure 3. It will be seen that preparatory to inserting the 
buds, the hudder had made both cuts into active blotch cankers on the 
seedlings. A satisfactory union of the buds with the seedling stocks had 
occurred iu both eases. On September 7. when the seedlings were collected, 
the dormant buds appeared normal and healthy. There is small chance of 
such buds growing into healthy trees, for practically none of the canker 
tissues would be removed in topping the smiling trees back to the buds 
iu the spring. 

The seedlings described and photographed are typical of numerous 
budded stocks observed scattered over this block of o.OOO lined-out seed¬ 
lings. In all ca^ the causal fungus was observed to have grown from 
the 1927 cankers during the summer of 1929. This indicated that cold 
storage for a period of nine months does not materially reduce the danger 
of blotch infection from cankered seedlings. 
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This ability of Phyllosticta solitaria to live in an apparently dormant 
condition from November or December, 1927, to March or April, 1929, and 
then renew active growth and spore production indicates the importance 
of inspecting and culling out blotch-cankered apple seedlings intended for 
holding in cold storage, the same as advised for seedlings intended for 
propagation purposes the following year. 

SUMMARY 

Since 1923 blotch cankers have been found on apple seedlings shipped 
into Tennessee from midwestern nurseries. 

Blotch cankers were found early in March, 1029, on apple seedlings 
grown in midwestern nurseries in 1927 and held in cold storage throughout 
the growing season of 1928. There was no evidence that Phyllosticta 
solitaria made any growth during the storage period. 

Stored seedlings having numerous blotch cankers, set in large pots in 
the greenhouse, showed new canker-fungus growth as the season advanced. 

Leaves on the stored seedlings and on small seedlings grown directly 
from seed planted in the pots developed typical blotch leaf spots. 

Later in the season typical blotch petiole infections developed on the 
trees from seed planted in the pots. 

Similar cold-storage seedlings in field test blocks developed new canker 
growth in 1929, enlarging the 1927 cankers. 

Trees from the same lot of stored seedlings planted in a commercial 
nursery about 200 miles from the University farm showed similar new 
canker development in 1929 from the 1927 cankers. 

Observations on the location of inserted buds in relation to blotch 
cankers indicated that a large percentage of infection results. 

The renewed activity of Phyllosticta solitaria in 1929, after remaining 
dormant since the fall of 1927, stresses the importance of inspection and 
removal of all blotch-infected seedlings from stocks intended for holding 
in cold storage. 

Agricultural Experiment Station, 

University op Tennessee, 

Knoxville, Tennessee. 



REPORT OF THE FOURTEENTH ANNUAL MEETING OF 
THE PACIFIC DIVISION OF THE AMERICAN 
PIIYTOPATHOLOGICAL SOCIETY 


The meetings of the Pacific Division of the American Pliytopathological 
Society were held in conjunction with those of the Pacific Division of the 
American Association for the Advancement of Science and Affiliated 
Societies, June 19-20, 1930, at the University of Oregon at Eugene. 

At the business meeting, which preceded the presentation of papers, the 
following officers were elected to serve the society for the next two years: 

President E. Carsner, U. C. Citrus Experiment Station, 

Riverside, California. 

Vice-President J. M Uakder, University of Idaho. Moscow, Idaho. 

Secritary-Trensurer It. A. Ilrnonpn, U. C. Deciduous Fruit Station. 

San Jose, California. 

Councillor ('. E. Owens, State College. Corvallis, Oregon. 

The attendance of members at the meetings was not so large as hoped 
for, but those present were enthusiastic and deeply appreciative of the 
many courtesies extended by their colleagues in the Pacific Northwest. 
After adjournment the visiting members were taken in automobiles to the 
.State College at Corvallis, a distance of about forty miles. Here an oppor¬ 
tunity was afforded to inspect the laboratories and experimental grounds of 
the Department of Plant Pathology. In the evening a delicious supper was 
served on the lawn, after which the visiting members motored back to head¬ 
quarters at Eugene. 

There was an average attendance of nineteen members with a varying 
number of visitors. Twenty-one papers were presented, abstracts of which 
follow. 

It. A. Rrnou’it. Seen fary-Trcasurcr 

ABSTRACTS 

Some inoculations of Juglans with rhptophthora Ule fungi. —C. 0. Smith and J. T. 

Barrktt. 

With the use of the California black walnut* as a stork for the English walnut, has 
appeared the disease known a* crown rot. This is an infection of the black walnut 
crown. Either of two fungi may be the causal organism (11a species of Phytophthora 
of the Phytophthora cartonm type or (2) a Phytophthora of the Pythiacvstis type. 
The disease may spread to the English walnut trunk and extend upon it for several feet. 
The walnut Phytophthora ha* been observed by Barrett producing vegetative growth and 
oospores on crown-rot bark of English walnut that was wrapped for five days in par¬ 
affin paper. 
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Artificial inoculations on Juglans californica (the southern California black walnut) 
has shown it to be most susceptible. Two hundred fifty-three inoculations gave 80 per 
cent positive lesions. Juglans hindsii (the northern California black walnut), 350 
inoculations, gave 50 per cent positive infection. Jvglans regia (English walnut), 209 
inoculations, showed 82 per cent positive infection. The susceptibility of J . regia to 
artificial inoculations, is in marked contrast to its apparent resistance to the crown-rot 
disease as shown by field observations. The lesions on the English walnut are much 
smaller than those on Juglans calif ornica where, on some mature trees, they reached 
the size of 60 and 90 inches in a year’s time. Jvglans sieboldiana , Juglans nigra , 
Juglans major and a Juglans from Mexico (J. pyriformis) as well as almonds, peaches, 
sweet cherry, pear, Prunus domesttca , and lemon fruits are all susceptible when inocu¬ 
lated. Cultures of Phylophthora cactorun i from various sources and hosts when inocu¬ 
lated into Juglans calif ornica produced lesions typical of walnut crown rot. 

It has been difficult to isolate the pathogenes from the diseased crown of Juglans 
calif ornica because of a toxic exudate from the cut tissue. The isolations are more 
successfully made from the infected English walnut tissue. 

A test was made of the toxic effect of one gram of walnut bark boiled in 15 cc. 
of glucose-potato agar, then plated and inoculated with mycelium of the two walnut 
pathogenes. The following is the measure of mycelial growth after 2o days in petri 


dishes: 

Diseased southern California black bark and agar 1 mm. 

Normal ** ** “ * * ** * * 1.5 cm. 

Diseased English bark and agar 6.0 cm. 

Nonna! “ * • “ * * 2.25 cm. 

Control agar plates cohered with growth. 


/fetation of cane blight (Leptospkaena coniothynsm i to Unions of yrtlow rust \Vhrag 
midtvm inutans) of red raspberry in Oregon.’ K. M. ZKU.m. 

In a recent article t'Jour. Agr. Research 54: 857-863, *Uus 1927* the writer de 
scribed the yellow rust of raspberry and jniinted out the m rtous cankerous effort* of cane 
lesions near the ground. Since then much greater l«***c* of canes have been found to 
be produced by a subsequent infection of these rn*t lesions by p'oMphasna ronwthy 
rium. The cane blight causes long basal canker*. This combination of the two diseases 
has caused a loss of 50 to 60 jter cent of the cane* in the most severe rases, and an rati 
mated annual loss in crop of $75,000 in the Willamette Valley in 1928 and 1929. The 
control measures suggested are complete sanitation to control basal Infections of the 
canes by the rust. That is, old stub* should lie removed and old canes eat so as to leave 
no stubs, then late fall plowing toward the rows after all the leases are down. 

A blue mold aft cling tulips. —F. D. IIeald and Kkjcsetii JUkk* 

This trouble was found on one large shipment of bulbs, 60 per cent of them showing 
lesions involving several of the outer scales, with a I'enirillium fruiting abundantly. 
The relation of the fungus to the rotting of bulbs was determined by pure culture 
inoculations on bulbs held in moist chambers and on others planted in the greenhouse. 
At the end of three weeks the bulbs in the greenhouse showed 40 per cent completely 
rotted, while the others showed lesions 16-25 mm. in diameter. Those in the moist 
chambers showed had one of similar sue but no complete rotting. The blue mold eon* 
tinned to spread, involving the entire surface of the bulbs with variable penetration. 
Inoculations into i]^ri*fc§s grew mm rapidly, but infections were also obtained by 
bulbs in a Suspension of the blue mold spores, the number of lesions varying 
from ots to six per bulb. 

4 
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Inoculations of the tulip blue mold in comparison with P. expansum were made on 
tulips, gladioli, and apples. The tulip mold was able to rot apples but not gladiolus 
bulbs. The rot on apples was much slower than that caused by V. cx pansum and the 
decayed tissue darker and firmer. When Jonathan apples inoculated with P. expansum 
were completely rotted, the parallel inoculations with the tulip mold showed lesions 
3.5-4.5 cm. in diameter. 

A witches 9 broom of ocean spray (UoUuhscus discolor Max.).—S. M. Zeller. 

Since 3925 observations of a severe brooming and dwarfing of Holodiscus discolor 
Max. ha\c been made. This disease has been found in the foothills of the western 
slope of the Cascade Mountains from Linn to Clackamas counties, Oregon. The inter- 
nodes of the stems are short and stouter than normal. The stems have little tendency 
to branch so there are usually no blossoms. There is a multiplication of buds at each 
node. These produce very spindly short laterals. Leaves are small and turn a bronzy 
red early in the summer. Pudding of diseased nodes into healthy stems and the transfer 
of aphis from diseased to healthy plants have both apparently induced the disease. 

Budd«*d branches show the symptoms first and then there is a spread of abnormal 
growtli to other parts of the plant. Insects which might induce such abnormal bud 
pr<«Utction hate not been observed. The symptoms and performance thus far observed 
would indicate this to be u virus disease. 

Tht t ft * el and uilt of vj»rt a*l o* * * • til * * on yre * — Lvon K.JostS. 

•* Streak* * of tomato produced bv « oiflbined virtue* of ]>otnto and tobacco reduced 
yields of tomato |*t #ent in an cvf*'rinn*»tal greenhouse planting. Within sixty 
days after four plants were inoculated in a b**d, the remaining sixty one plants were 
affected with streak. Fins spread of the disease wan due to cultural and pruning prac¬ 
tices, as the plants were free from aphid*. Hands wen. careful!} washed with soap 
and water Indore pruning in two adt.uint control ln*d«* of sixtv five plants each. These 
adjacent bed* remained free from *»tr«.ik through the sixtv dav period incut inned almve. 
This experiment *h»w» that streak n»av l»e spread very rapidly bv ordinary pruning 
methods and that freipient washing of hands with so.*p and water while pruning reduces 
the rate of spread of this disease. 

Sludtts o f ftr rt ftHtitl < tint f r disease of the apple .—J S t*ooil\ aixl P H. Miller. 

Successful inoculation* of (ilorosponum re tinans were accomplished throughout 
the rm it y season of 1929 and 1930 or from Septemlier to June. The highest j percent age 
of positive infection was in the fall. A studv was reported of the susceptibility of 
wounds made bv breaking spurs, by hacking with a saw. by making a smooth incision 
w*ith a knife, bv brushing with a pointed head mallet, and by drixmg a small nail into 
the wood. Those wounds made with a nail and by bruising gave much higlur percent¬ 
age* of infection than those made with n sharp tool. 

Infection in the inoculation exjierimenta rej>ortcd wjis accomplished in fresh wounds 
that wore free from woolly aphis infestation. 

Experiment* dealing with the mode of infection under natural conditions of heal¬ 
ing calluses wo* reported. Infection may occur on fresh wounds, but much of it occurs 
at healing calluses that have been injured by cold. In the summer of 1929 the canker 
fungus wan isolated from pruning wound calluses having one or more dead areas on the 
margin that reecmblod winter injury followed by canker infection. The dead portion 
of the calluses varied from two to ten or more millimeters in width. In March, follow¬ 
ing the cold weather in January, 1930, isolation* were made from calluses free from 
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canker in 1929 but showing dead margins that apparently had resulted from recent 
winter injury. Most of these first attempts at isolating the fungus gave negative 
results, but the later isolations showed an increasing number of positive infections by 
the canker fungus. This indicates that the margins of healthy calluses may be injured 
by cold and that canker infection readily takes place in the winter-injured margins of 
pruning-wound calluses. 

Chemically treated wraps for the control of Botrytis rot of stored fruits .—J. S. Cooley. 

A rot very prevalent in stored pears and sometimes in apples is caused by Botrytis. 
The greater part of the loss resulting from this rot is caused by its spread from one 
fruit to another. The fungus grows through the paper and attacks noninjured fruits 
The data presented show the efficacy of a chemically-treated wrapper in preventing the 
spread of this rot. 

Pears were wrapped and stored in wraps treated with salts of copper, iron, chro¬ 
mium, nickel, and sodium and also nontreated paper. One layer in each box was inocu¬ 
lated with Botrytis and all fruit was wrapped in treated paper of a given kind. After 
four or five months of storage, the lot in nontreated wrappers contained only one or two 
sound fruits to the box while the fruit in the treated wrappers showed that the spread 
of the fungus was materially affected by the toxic salt in the paper. 

A very successful wrapper was prepared by wetting with a 2$% solution of hydrated 
copper sulphate, the paper absorbing 5.6% by weight of copper sulphate, or 1.4% metal¬ 
lic copper. When the fruit was wrapped in such papers the spread of the Botrytis rot 
was controlled without chemical injury to thff fruit. 

The avocado disease called sun-blotch. — Wm. T. Horne and E. R. Parker. 

The name sun-blotch 1 has been given to a peculiar avocado disease characterized 
by obscure longitudinal stTeaks or blotches in the fruit, streaks in vigorous shoots, 
roughening and decumbency in older stems, and rough bark of trunks. An irregular 
leaf variegation observed by the writers is believed to be connected with the disease. In 
green fruit the streaks remain light or yellowish, but in the varieties they become 
variously red-purple. In its more intense phase the disease is very serious, but symp¬ 
toms may be slight. 

Bun-blotch scions produce sun-blotch trees when set in healthy stocks. Healthy 
scions in affected stocks probably also produce diseased trees. 

In three cases, where diseased scions were set in healthy stocks by the junior author, 
shoots subsequently arising from the stocks were clearly affected with sun-blotch. Vari¬ 
ous inoculations and treatment with X-rays have tkae far failed to produce the disease. 

Apparently sun-blotch is an infectious chlorosis. 

A disease of date palm inflorescences .—L. J. Klotz and E. Q» Baby# 

It seems opportune to report at this meeting the recent finding hi Its Coachella Val¬ 
ley of a disease of date palm inflorescences which may become of serious economic im¬ 
portance. A hasty survey revealed but one infected palm. The disease apparently 
limits its attack to the fruit stalk and rachises of the young inflorescences. The latter 
were found diseased even before the spathe had ruptured. On the spathe, circular to 
elongated lesions, lorghum brown (Bidgway) on the exterior surface and ranging from' 
this eelor to a mahogany red or bay on the interior surface, marked the starting points 

i Celt, J, X., Bun-blotch of the avocado, a serious physiological disease. Yearbook 
Oalif. Avocado Aw’n, pp *7-28, 5 illtu. Los Angeles, Calif., Sept., 1828. 
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of the disease. On removal of a portion of the infected spathe it was found that the 
fruit stalk bore depressed, brown (warm blackish) to black necrotic areas, circular to 
oblong in outline. The twisted deformed rachises were completely involved, blackish 
brown to black, and devoid of flowers. Microscopic examination showed them covered 
by dark brown, unicellular, oval conidia. The rachises of fruit bunches attacked later 
in their development had blackened, depressed lesions similar to those on the fruit stalk, 
and some were completely severed by the decay. The affected tissue was in all instances 
dry and firm, and each area bore the black powdery spores. A gray covering on some 
of the lesions was found due to conidia of Fusarium spp. 

While the malady has features in common with the Khaniedj disease of date palms 
in Northern Africa, described by Cavara, Chabrolin, and others, the black lesions do not 
have the white, tomentose covering of the fungus, Maugimella scattae Cav., to which 
they ascribe the cause of Khaniedj. From the interior tissue of the material collected 
at Indio, a Torulae-like Ilyphomycete, Thielaviopsis sp., was invariably isolated. On 
culture media this organism produces a white, aerial growth bearing chains of hyaline 
conidia which rapidly darken as they mature. Sufficient time has not elapsed since our 
inoculations to permit us to report on the pathogenicity of this fungus. It may be men¬ 
tioned that the senior author has found this organism also in connection with the bud 
scorch and “fool” diseases of date palm. 

A pm ft infectious disease of the cherry. —T. K. Rawlins and W. T. IIorne. 

A severe disease of the sweet cherry occurs in several valleys in California. Dis¬ 
eased trees produce fruit that is more or less conical in form. The development of such 
fruit ceases just before ripening, and the fruit hangs on the tree in this immature state 
for some time, finally shriveling without ripening. During early autumn the leaves on 
diseased trees may show a peculiar reddish purple coloration along the base of the mid¬ 
rib which extends out along the larger veins. This leaf symptom varies considerably 
according to the season and may be difficult to detect during certain seasons. 

The disease has been transmitted by grafting scions from diseased Napoleon trees 
into healthy trees. 

Trees on Mahaleb roots have shown considerable resistance to the disease, while 
those on Mazzard roots are very susceptible. 

Leaf roll transmission from potato to other solanaccous plants by means of Myrus per- 

sicac .— T. P. Dykstra. 

Leaf roll of potato was transmitted by means of Myrus persicae to tomato, pepper, 
Datura stramonium , Datura tatula, Solanum nigrum, and Solanum dulcamara . 

Infections varying from 70 to 100 per cent were generally secured. After symp¬ 
toms became apparent in the plants, aphids were colonized on them, and, after a few 
days, transferred to potato. In every case a high percentage of leaf roll developed on 
potato when return inoculations were made from infected plants. 

Cross inoculations from Jimson weed to tomato, from tomato to Jimson weed, from 
Solanum dulcamara to tomato, from tomato to tomato, and from Jimson weed to 
Solanum nigrum were also made, and resulted in high percentages of infection. 

Symptoms of the two Datum species and of Solanum nigrum are characterized by 
chlorosis and rolling and subsequent rigidity of the leaves. 

Leaves of infected tomato plants become stiff and leathery, but this is the only dis¬ 
tinguishing symptom, and the disease on this host is somewhat difficult to detect. Pep¬ 
per plants do not show any marked symptoms until after the disease has been present 
for several weeks; then the leaves begin to roll and become leathery. 
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Some experiments in fresh fruit disinfection .—H, P. Barss. 

Four years* tests with disinfectants on fresh prunes and cherries for the suppres¬ 
sion of decay during storage or shipping were described. Formaldehyde, used as a dip 
or three-to-six-minute soak, in strengths of one to one hundred or greater, was found 
to give marked protection, although the higher concentrations sometimes resulted in skin 
injury and affected the flavor. Hiatomaceous earth, impregnated with four to five per 
cent of formaldehyde and dusted over the fruit, gave excellent control but affected the 
skin somewhat. The most practical protection was obtained through the use of a sheet 
of absorbent paper impregnated with formaldehyde placed in the bottom of the box of 
fruit and another in the top. When the dose was not too strong, decay was suppressed 
more effectively than by the liquid treatments and without perceptible injury to flavor, 
color, or luster. Thus far the latter method has not been tested on prunes. Borax 
alone and with boric acid in solution, acetic acid, hexvlresorcinol, and a commercial 
preparation yielding free chlorine proved inferior or useless. In general, washing often 
reduced the effectiveness of liquid treatments. 

Didymosphaerla oregonensis, a new ranker or pan ism on alder .— L. N. Gooddino. 

This paper describes ns new a s]>eeies of Pidymosphaeria found associated with a 
canker on living alder in the Pacific Northwest. The name Didymosphaerla oregonensis 
Goodding is proposed. The distribution of the new species is given as western Oregon 
and Washington. There also is included a brief consideration of its taxonomic relation¬ 
ship and economic importance. 

Cladosporium species from apple fruit and the perfect stage of Cladosporium htrbannn 

Lk.— George D. Ruehle. 

In connection with a study of the fungi causing decay of apples in cold storage, 
three species of Cladosporium were found to be weak parasites of the apple. 

The first produces rapidly growing fluffy colonies and light brown cvlindric conidia 
in long chains. It is considered to be a new species. 

The second produces dense slow growing colonies and conidia typical of the form 
species, C. herbarum. When grown on mature sterilized wheat leaves for six months at 
10° C., this form produced large numbers of black fertile peritheeia of the Mycosphae- 
rella type. On germination, single ascospores produced colonies of the C. herbarum 
type. The ascigerous stage is believed to be identical with Myrosphaeri lla tulaxiui 
described in 1893 by Janczewski as the perfect stage of C. herbarum. Positive confir¬ 
mation of Janczewski's report has been lacking until now. 

The third form was identified as Homodendron rladftsporioidrs Sacc. and produces 
no peritheeia. 

As a group these forms are of little importance on stored apples, although of fre¬ 
quent occurrence on this host. They produce small, shallo# dark rots around stem 
punctures and worm holes but, otherwise, do little damage. 

», 

In contrast uith seedling stock, apparently healthy potato tubers are virus carriers.— 

Grover Burkett and Leon K. Joker. 

Tomato plants were inoculated with macerated leaf tissue of commercial potato- 
tuber stock and witli macerated leaf tissue of potato seedlings, each combined with mac¬ 
erated leaf tissue of hobaeeo plants affected with common tobacco mosaic. 

Plants produced from eighty-eight apparently healthy commercial tubers and thirty- 
two known to be viras-inf^fed, representing eight commercial varieties, were used in the 
tests. Bach virus-infected tuber showed symptoms of one of the following virus dis- 
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cases: crinkle, crinkle mosaic, leaf roll, mild mosaic, rugose mosaic, unmottled curly 
dwarf, witches’ broom, super-mild mosaic, and spindle tuber. 

“Htreak” of tomato developed in every case when macerated tissue from these 
plants was mixed with macerated tissue of tobacco plants affected with common tobacco 
mosaic and this juice rubbed onto healthy tomato plants. 

In no case did streak develop on tomato plants inoculated with macerated potato 
seedling tissue combined with macerated mosaic-tobacco tissue. Forty-se\en potato 
seedlings were used in inoculating 245 tomato plants. Series of control plants were 
alternated with series of inoculated plants. The 438 plants used as controls remained 
healthy during the tests. 

These results tend to show that potato seedlings do not carry this virus which may 
be present in all commercial tuber stock. 

European and American brown rot blossom blight in uesttrn Oregon .— II. P. Bakss. 

Serious blossom blight in cherries occurred in many orchards in the Willamette Yal 
ley in 1929 and a considerable amount ap(»eared again in 1930. Isolations from mate 
rial obtained from widely scattered orchards showed that, while both forms of brown 
rot, prevalent on the Pacific Coast, were present in the blighted blossoms, the European 
form, Sclcrotima nutria (Boil.) Sc It rot. forma grim i Wormald, predominated by three 
to one in 1929 oxer the common American form, Sclt rtdtnia frmticola (Wlnt.) Rehm 
(~ Sclt rotmia amtneana Nort. et Kzek./, and in 1930 greatly exceeded the latter. From 
green cherries and prunes, attacked shortly after the shucks fell, only the American form 
was isolated in the same year. Attack by the European brown rot was reported on 
sweet cherry foliage, flowering almond twigs and tlierrv leases previously imaded by 
the witches’ broom, Evoascus. 

Mi asunng (hunt ion of t ffcctw t ntss of Bordt aiu spray* to ptrtnuial canktr spores .— 

J. H. CKF.NMIAW 

A method is described for determining how long Bordeaux sprats remain effwtne 
in pre\entmg germination of |»ercnnial canker spores under ordinary orchard conditions 

Trees were sprayed at internals throughout the rainy season. After exposure to 
weathering for different ja»rio<ls, twigs were remo\ed for study. These were inoculated 
with spore suspensions and the spores giu*n an opportunity to germinate on the twigs. 
They were then transferred to glass slides for microscopic examination. 

Some preliminary measurements were made. They indicate that sprays applied late 
in December were effective in March, but that sprays applied as late m the fall as Octo- 
l>er 29th were ineffective before February 22nd of the following year. 

Elect i tt phoresis of tobacco mosaic virus. — William N. Takahashi and T. E. Rawlins. 

Tobacco mosaic virus was subjected to electrophoresis at various pH \abies. The 
virus moves toward the anode at pH 4 to 9. No imnement was detected between pH 
1,2 and 3. The electrophoretic behavior of the virus was similar to that obsened for 
bacteria by other workers. 

Sonic pathological changes induct d in citrus by a dt fictency of boron .— A. R. C. Haas 
and L. J. Klotz. 

In sand and water cultures lacking boron, several species of Citrus showed the fol¬ 
lowing symptoms of decline: Leaves curled along the midrib with the tip of the leaf 
bending downward and inw’ard; leaves brownish or yellowish green, often with a yel- 
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lowing along the midrib; midrib or veins conspicuous, corky and split; and a progressive 
loss of affected leaves. In severe cases there is a tendency toward u multiple bud M 
formation due to incipient shoots dying when barely visible. This and other symptoms 
are similar to those found in exanthema. When the bark of the internodes of the twigs, 
or in severe cases that of the trunk, splits, an amber-color gum ooses out. Eventually 
the cracks may widen so that the woody tissue is exposed. In severe cases the apical 
portion of the branch dies back. The roots become dark brown, fail to elongate, and 
in advanced cases the rootlets decay. On the addition of a suitable concentration of 
boron to the culture solution the symptoms of decline disappear and normal growth 
resumes. 

Anatomical studies show that boron is essential for cell division in the meristematic 
tissue of the growing points, such as buds, and it is likewise essential for cam- 
bial activity. 

The abnormal accumulation of carbohydrates in the leaves of boron-deficient ('itrus, 
coupled with the fact that the phloem tissues are destroyed, would show that transloca¬ 
tion is seriously interfered with. Reduction in the total sugar content of the leaves 
accompanies recovery of the tissues brought about by the addition of boron to the cu* 
ture solution. 

Some experiments with crown-pall bacteria .— F. A. Patty. 

When plants of tobacco, castor bean, geranium, and garden bean were sprayed with 
suspensions of crown-gall bacteria, the organisms entered the leaves through natural 
openings, as indicated by the recovery of virulent organisms from the mesophyll of the 
leaves after stripping away the epidermis. Except for the consistent recovery by cul¬ 
ture of the crown-gall organism from within sprayed leaves no other indication of the 
presence of the bacteria appeared, for there was no gall formation or other indication 
of disturbance in the development of the leaf tissues, even when partially developed 
leaves were inoculated by this method and held under observation for four weeks. Punc¬ 
ture inoculations with the same strains of the crown-gall organism produced visible en¬ 
largements on the stems within six days. 

On the control of bacterial blight of walnuts. —R. A. Rudolph. 

Bacterial blight is by far the worst disease with which walnut growers must con¬ 
tend. During the past three years extensive spraying experiments have been conducted. 
Virtually all of the better-known chemicals and bactericides have been employed, many 
of which are harmless to other plants but very injurious to the walnut. Three cop|>er- 
containing compounds, Bordeaux mixture, basic copper acetate, and amnioniacal eopjier 
carbonate, have proved effective in the control of til# disease and, incidentally, occa¬ 
sioned distinctly less injury to the trees than moat other materials. Bordeaux 8-4-50 
(the lime used reduced to one-half) has given the best rfitalts of all. The strategic 
period for securing maximum results with <m application of spray is when the catkins 
are fully elongated and about to shed pollen. The increase in crop on trees sprayed at 
this time has more than justified the expense of spraying in many instances. In badly 
diseased prehards or in orchards situated In localities where climatic conditions favor 
ready infection find the rapid spread of the disease, multiple spraying must be employed. 
The first spray it given as before, and subsequent sprays follow several months apart to 
protect the growing nuts which are susceptible at any time until the harvest in Octoiler. 
Thoroughness of application of the spray cannot be stressed too much. 
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THE HELATJOX OF THE CABBAGE MAGGOT AND OTHER 
INSECTS TO THE SPREAD AXI) DEVELOPMENT 
OF SOFT ROT OF CRCCIFERAE 1 

Delia E. JouxbOK^ 

INTRODUCTION 

In 1927 Leach (11) showed that the seed-corn maggot ( Hylcmyia cili- 
crura Rond.) is a common agent of dissemination and inoculation of the 
potato blackleg pathogene. In that paper he briefly called attention to a 
similar relationship between the cabbage maggot and the soft rot of cab¬ 
bage. This paper is an account of a study of the bacterial soft rot of cab¬ 
bage with special reference to the role of the cabbage maggot {Hylcmyia 
brassicac Douche) in the dissemination of the pathogene and the develop¬ 
ment of the disease. Since the completion of this work Hondo (2), in a 
preliminary note, also has reported the cabbage maggot as a disseminating? 
agent of bacterial soft rot of Cruciferae. 

Tin; sui t kot or < abbagl 

Jones (10), in 1900, proved that the soft rot of cabbage and of many 
other vegetables is caused by a bacterium which he named Bacillus caro¬ 
tovorus . Harding and Morse *9) later showed that the disease can be 
caused by a group of closely related bacteria, considered by them to be 
variant strains of the single species, B. carotovorus Jones. 

Although Jones (10) proved that B . carotovorus was a wound parasite 
and that it could penetrate the unbroken epidermis, the manner in which 
it is disseminated and inoculated into plants never has been explained satis¬ 
factorily. Insects have frequently been mentioned as agents of dissemina¬ 
tion. Chupp (5) in his general discussion of soft rot of vegetables makes 
the following statement: “The organism, B. carotovorus f is common on so 
many hosts both in storage and in the field, that it lacks no opportunity of 

i Published with the approval of the Director as Paper No. 938 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

a The writer wishes to express her appreciation to Dr. J. G. Leach, under whose 
direction the work was carried on, to Dr. E. C. Stakman for valuable assistance, and 
to Dr. B. U. Cotter for specimens of the onion maggot. She is indebted also to Dr. 
C. E. Skinner of the Department of Bacteriology for criticizing the manuscript. 
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becoming established in new crops in summer. Carried by insects or in 
any other manner in which microscopic bodies may be disseminated, the 
bacteria gain an entrance into the injured tissue, where they soon dissolve 
the middle lamella, leaving only a slimy mass of free cells;” also, ‘‘insects 
and cultivating tools carry the organism in the field.” In 1926 Leach (12) 
showed that the dipterous insects, Elaehiptera vostata Leow. and Scapto- 
myza gramimim Fall., are capable of disseminating the pnthogene and of 
inoculating it into celery, where it produces a heart rot. 

Symptoms .—Soft rot of cabbage may become manifest in several ways. 
In the field it is most destructive as the so-ealled ‘‘stump rot.” Stump rot 
appears most frequently rather late in the season when the plants approach 
maturity. The first symptoms usually consist of a wilting of a few of the 
outer leaves and a cessation of growth. Frequently the head may appear 
normal when viewed casually. However, upon careful examination, it 
usually will be found that the center of the head is a mass of decaying tis¬ 
sue, extending downward into the pith of the stem. In advanced stages 
such heads may be pulled from the stem easily. Observations throughout 
the season show that the decay arises first in or on the base of the older 
leaves, whence it spreads upward into the center of the head. After the 
decay has reached the head, it is only a matter of time until the entire head 
is reduced to a mass of rotting tissue, leaving the stem as a ragged stump 
with the core completely destroyed. 

Soft rot is primarily a disease of the succulent tissues of the plant; the 
wood}' portions are not affected. On young plants it is commonly confined 
to the tissues close to the injuries caused by the cabbage maggot, as will be 
pointed out later. Soft rot is very destructive to cabbage heads in storage 
or in transit, especially if the disease lias been common in the field, and if 
the cabbage is stored in poorly ventilated places at relatively high 
temperature. 

THE CABBAGE MAGGOT 

The cabbage maggot (llylemyia brassicae) is a common and well-known 
insect. It has been described so adequately by Sc^ocne (15), Gibson and 
Treherne (6), and other entomologists that only a brief description of it 
will be given here. It is distributed throughout the United States, Canada, 
and Europe. It attacks all members of the Crueiferae, being especiall}' 
destructive to cabbage* cauliflower, and radish. The first brood of the 
adult fly emerges in the spring and early summer. It resembles the house 
fly, but is smaller, being only about one-fourth of an inch long, with a nar¬ 
rower body and proportionately larger wings. It is grayish, with three 
dark stripes cm the tborax tnd one along the abdomen, and has many stiff 
baits oii the body. The male is slightly smaller than the female. Morpho* 
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logically there is no difference between the adult female fly of the cabbage 
maggot and that of the seed-corn maggot, but the male adult fly of the 
cabbage maggot can be distinguished from that of the seed-corn maggot by 
the presence of a tuft of bristles on the base of the hind femur. 

The first brood of flies deposits eggs near the base of the stem of the 
young host plants The eggs hatch after a few days. The maggot is white 
or yellowish and tapers slightly toward the head. When full-grown it is 
about one-third of an inch long It lias a pair of strong, dark colored, 
hook-like, rasping, downward-projecting jaws The newly hatched maggot 
begins at once to rasp the surface of the young roots, gradually mining 
into them It finally ceases feeding, and the skin hardens, forming the 
puparium, within which the larva transforms to a pupa Later the adult 
fly emerges from the puparium 

The attacks of the maggot kill or se\erely injure the young plants Al¬ 
though soft rot is frequently present cm such plants, it is usually obscured 
by the mechanical injury caused by the larvae Because of the relatively 
large proportion of lignified tissue in the stems of y<»ung plants, the rot sel¬ 
dom spreads far beyond the tivsues injured by the maggots 

The later broods often deposit eggs at the base of the lea\es of the older 
plants When these hatch, the larvae burrow into the leaf base and often 
into th«» head of the cabbage plant These tissues are xery succulent and 
especially susceptible to soft rot; following such maggot injury, they fre¬ 
quently decay, gmng rise to the condition known as stump rot In the 
fall the maggots and tin* pupana are often found wedged between the 
lea\es of the head, the flies of the last brood frequently laying the eggs on 
or between the leaves of the well-developed heads The insect o\erwinters 
m the pupanal stage in tin* soil or in the refuse from cruciferous plants 
In mild climate it may also overwinter m the adult stage 

Entomologists have observed for many years that laceration of the 
cabbage-plant tissue by the cabbage maggot often is followed by decay’. 
According to Slingerland (lb), Ormeriul stated m 1^2 that “the maggots 
bore into the roots and cause mischief, sometimes to a serious extent by’ the 
decay so originated “ Slingerland expresses entire agreement with this 
view Schoene (15) says that “the lacerations of the roots of the cabbage 
and cauliflower are often accompanied by a decay’ of the injured part, 
and “the newly' made tunnels arc clear, but later they’ become brown and 
discolored due to the decay’ of the exposed tissues 

THE PRESENCE OP THE sOFT-KOT BACTERIA IN Till' VARIOI s 
STAGES OF THE INstCT 

The PujHimtm .—The first collection of puparia for the study presented 
in this paper was made in August, 1927, from the second brood of maggots, 
the puparia being collected from soil around both cabbage and radish 
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plants. The methods used in the isolation of bacteria from the puparia 
were, in general, similar to those used by Bacot (1) and by Leach (21). 

Young puparia, recognizable by the light brown color, were selected for 
immediate work, the darker ones, evidently a more advanced stage of the 
insect, being reserved for the study of the adult fly. The puparia were 
washed carefully to remove all adhering particles of dirt. Next they were 
immersed for 5 minutes in 5 per cent alcohol. They were then transferred 
with a flamed needle to a solution of mercuric chloride (1-1000), where 
they were kept 3 minutes, after which they were removed aseptieally to 50 
per cent alcohol and kept there for about a minute, being finally placed in 
tubes of sterile broth to wash off all trace of the disinfectant. Later they 
were transferred to slants of sterile agar and allowed to remain for several 
hours. These slants were kept under observation for bacterial growth, 
since any growth here would indicate the survival of external contamina¬ 
tion of the puparia. The puparia were again washed in sterile broth and 
transferred to fresh agar slants. Both the broth and the agar slants Merc 
saved for further observation for bacterial growth. 

Seventy-two of 214 puparia so treated produced no growth in the broth 
or on the agar slants and were kept to await the emergence of the adult fly 
Many of the remainder produced no contamination in the broth, but eventu¬ 
ally bacterial growth was observed upon the agar slants. This might indi¬ 
cate that the puparia had been sterile externally but that bacteria 
had seeped out through the air pores. This growth often produced a soft 
rot when inoculated into cabbage leaves, but no conclusions were dnn\n 
from such inoculations. 

Various methods of sterilizing the surface of cabbage leaves were tried. 
Five per cent Formalin gave good results with potatoes and carrots but >\as 
not successful with cabbage leaves. Immersing the leaves in alcohol, then 
burning off the alcohol, was tried. But this often produced a softening of 
the tissues. Lugol’s iodine solution left fumes which apparently interfered 
with the development of the inoculum. Mercuric chloride solution 
(1-1000) was fairly efficient, but the best results were obtained with Scme- 
san and other organic mercury compounds in the usual concent rat ions. 
The disinfectants were washed off with sterile water, then the leaf pieces 
were transferred aseptieally to sterilized petri dishes containing several 
layers of moist filter paper. To accomplish sterilization of the dishes it was 
necessary to subject them to steam at 15 pounds pressure for at least 30 
minutes. Cabbage-leaf sections, so prepared, were incubated at 22° to 25* 
C. for 48 hours and all discarded which showed any softening of the tissue. 
At least 4 plates were used as checks. If any softening of the tissue took 
place in any of the checks, the experiment was repeated. 
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Various methods of preparing the inoculum were tried Water suspen¬ 
sions of the organism were found more satisfactory than broth cultures, 
since saprophytes were not always destroyed, even with the most rigid sur¬ 
face sterilization of the cabbage leaves Such saprophytes de\elop readily 
in broth, and, if a softening of the tissues should occur as a result of high 
temperature and humidity, erroneous conclusions might easily' follow 

From day to day, according to the age of the pupana, adult flies 
emerged from the pupana preMously planted on the sterile agar slants 
until, in all, 33 flies had been so obtained Many dragged their wings upon 
the agar and also leit foot tracks After about 24 hours these marks weie 
clearly defined by bacterial growth The growth from each of these slants 
was plated on nutrient agar Cultures corresponding macroscopically, 
microscopically and physiologically to B catoforotm were obtained from 
27 of the puparia These were later found to be pathogenic to cabbage as 
will be discussed later Since many' of the cultures so isolated were found 
to consist of saprophy tes, it is e\ident that colonies of B carotovot us are 
not readily distinguished from many other bacteria present in the puparia 
In order to determine if the soft rot bacteria might be present on the plates 
and be missed in the selection of colonies the remainder of the growth on 
each plate was washed off with sterile tap water and this bacterial suspen 
sion inoculated into cabbage leaf sections Washings fiom 11 plates fiom 
which no colonies of B carotovont\ had been picked produced soft rot 
Thus from 33 flies that had emerged from the puparia upon the agar slants 
38 harbored the soft rot bacteria in the puparial stage 

A slightly different method for sterih/ing the surface of pupana was 
tried by immersing 1^ of them in <>3 per cent alcohol, then burning this off 
These puparia were placed on agar slants and incubated for 48 hours Si\ 
showed contamination and were discarded The remaining 13 were tested 
for surface contamination by placing them in broth and later transferring 
the sterile ones to agar slants Se\en of them showed no growth, either in 
broth or on agar, and were crushed m broth with a sterile glass rod Bac¬ 
terial growth developed from all of them, four yielding B caroiovorus 

Another method of isolation consisted m the remo\al of the contents of 
the surface-sterilized and tested puparia by a fine-drawn sterilised pipette 
Seven puparia picked from rotting cabbage heads m the field were used for 
this purpose Five were successfully surface-sterili/ed To insure further 
against contamination a red-hot scalpel was applied to the parts of the 
puparia in which the sterile pipette was to be inserted The contents of 
the puparia w*ere draw'll into the pipette and plated on nutrient agar. The 
bacterial count on all plates was extremely' high, and colonies of B caroio¬ 
vorus were numerous on all the plates, corroborating the writer’s anticipa¬ 
tion that larvae feeding on decaying plants probably ingest large numbers 
of bacteria, many of them persisting in viable form in the puparia. 
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On the other hand, there is some evidence to show that maggots develop¬ 
ing on the less extensive^ decayed tissues ingest bacteria in smaller num¬ 
bers. One hundred maggots which had been gathered from “tunneled” 
radishes showing little or no decay were allowed to develop on radishes. 
The puparia thus obtained were surface-sterilized and tested, 41 being 
found surface-sterile. Eleven of them were crushed in broth and plated, 
but colonies of B. carotovorus were picked from only one. Since it was 
possible that the pathogene might have been missed in the selection of the 
colonies, washings were made from the plates and these suspensions inocu¬ 
lated into cabbage-leaf sections. Only one other plate was found to contain 
the soft-rot organism. The 30 puparia remaining were surface-sterilized, 
23 being found surface-sterile. These were crushed in tap water and 
inoculations made into cabbage leaves; only 2 produced a soft rot. Bac¬ 
terial counts were low T , ranging from 120 to 800. These results suggested 
that the bacterial content of the insect probably varies according to the 
bacterial content of the food ingested and that feeding experiments might 
show* definitely the possibility of such a relationship. The results of such 
experiments are discussed later. 


THE IMAGO 

Transmission of viable bacteria to tlu adult fly. —Four adults emerged 
from the puparia on agar slants while under the observation of the writer. 
The interior of the empty puparia was swabbed with a tiny cotton swab 
and inoculations made from this into sterile broth. 'When this broth was 
plated on agar bacteria developed on all the plates and the soft-rot patho¬ 
gene was obtained from two of them. The bacteria apparently had been 
voided in viable form in the meconium. This was to be expected, as, in the 
first experiments conducted on the puparia, the exterior of the emerging 
flies was evidently contaminated with bacteria, for the tracks from the feet 
and dragging wings of the emerging fly were outlined after a time by bac¬ 
terial growth. Undoubtedly, the adult fly always is contaminated with 
bacteria voided during the puparial stage. 

The presence of viable bacteria in the meconiiiuv suggested that viable 
organisms might be harbored also in the gastric tract of the adult. To 
ascertain if this were true 3 male and 13 female flies, collected from rotting 
cabbage heads in the field, were surface-sterilized by immersion in alcohol, 
which was then burned off as an additional precaution. The under side of 
the abdomen was seared with a red-hot scalpel. The digestive tract was 
dissected, out at this point, crushed in broth, and plated on agar. Colonies 
of B. carotovorus were % found in 3 of the male flies and 6 of the females. 
From one of the audc^ies a’ culture was isolated w f hich proved identical 
wdth B: areoideae Towns., and one of the female flies yielded a culture 
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differing from B, ofrouhav only in its fermentation of dextrose* Roth of 
these eultures prod need rot in cabbage leaves and cabbage plants 

A number of puparia had been reserved for tests for the survival of the 
pathogene during the winter Some of these were kept in slightly moist¬ 
ened sand at room temperature, while others were eoverd with soil and left 
outdoors. In February plates were made from the contents of puparia 
from both lots Seven out of 12 kept at room temperature contained 
colonies of B curotoeorus , and the same organism was isolated from 11 of 
the puparia exposed to freezing temperature Apparently, the soft-rot 
pathogene is able to survive in the overwintering stage of the insect in 
Minnesota and can withstand winter temperature here 

Other puparia from the two lots were left undisturbed to await \lie 
emergence of the adult These were used in an effort to determine if the 
parent of the spring brood can eliminate the soft-rot bacteria m tin* excre¬ 
ment While many flies emerged, no excrement was obtained from any of 
them However, the gastric tract was dissected out aseptically from many 
and was frequently found to contain B vnmloronts 

Although bacteria of various types, including the soft rot pathogene, 
had been found in the meconium and the gastric contents of mam of the 
adult Hies, this does not pro\e the presence of the viable bacteria m the 
excrement Accordingly, during the following summer. 74 puparia col¬ 
lected in the field were surface-sterilized, tested, and placed in dry sterile 
test tubes to allow the adults to emerge. Se\enteen flies wen* obtained fi 
of which deposited excrement on the walls of tin* test tubes Alter die 
removal of the flies to other sterile tubes, the excrement was moistened with 
a sterile cotton swab and inoculations unde from it into broth from which 
agar plates were later poured Raeterial growth developed on all the 
plates, and colonies of /> < iirotttront \ were isolated from 3 of them. Tin* 
same pathogene was obtained from the gastric contents of 2 of these flies. 
The 11 remaining flies were aseptically dissected The gastric tracts so 
obtained were macerated in sterile tap water from which inoculations were 
made into cabbage-leaf sections Soft rot developed from the inoculum 
of r> of the flies. These experiments show that the soft-rot pathogene may 
survive in the gastric tract of the adult fly and that it may be excreted in 
viable form with the feces This suggests that the adult also may be a 
factor in the dissemination of the soft-rot bacteria. 

Tfsts for the pnunef of tht soft-rot hactvna ni the <yys -Leach (11) 
found that the eggs of the seed-corn maggot could be surface-sterilized with¬ 
out injury to the embryo and that they are free from bacteria internally. 
It was thought possible that the same condition might obtain in the cabbage 
maggot. The eggs were first washed carefully' to remove all adhering dirt 
particles. Then they were subjected to a solution of mercuric chloride 



864 


PIIYTOP ATHOLOG Y 


[VOL. 20 


(1-1000) for 10 minutes, transferred to sterile broth to rinse off the dis¬ 
infectant, and finally placed on sterile agar slants planted with surface- 
sterilized cabbage and radish seed. Three of the eggs floated on the solu¬ 
tion and, when examined under the hand lens, were found to be mere shells. 
The tubes were examined frequently for contamination. Three of them 
developed a bacterial growth. Eight of the eggs did not hatch, probably 
having been injured in handling. In 49 of the sterile tubes the maggots 
crawled over the agar, but no bacterial growth developed in the tracks left 
by them on the agar, thus indicating that the eggs are free internally from 
bacterial contamination. The cabbage seedlings which had developed in 
the tubes during the incubation of the eggs were attacked by some of the 
larvae but developed no rot. Apparently, the larvae hatched from surface- 
sterilized eggs are free from bacteria, both internally and externally. 

On the other hand, eggs placed without surface sterilization upon sterile 
agar slants produced bacterial growth on every slant. Bacteria from such 
growth when used as inoculum often produced soft rot in vegetables. Evi¬ 
dently, the eggs are contaminated externally with both saprophytic and 
pathogenic types of bacteria. Since it was previously found that the adult 
fly emerging from the puparium is smeared externally with these various 
bacteria, it is possible that the eggs may become contaminated in oviposi- 
tion. It is also possible that such contamination may come from the soil, 
since, during the season, bacteria corresponding to li. rarotovorus were 
isolated from soil samples from Crookston and St. Paul, Minnesota. 

TIIE LARVA 

As the newly hatched larvae struggle to free themselves from the egg 
shells, they may come in contact with the exterior of the shells and bacteria 
on the shells may thus be transferred readily to the exterior of the larvae. 
The soil may be a further source of contamination. Larvae hatched from 
eggs that were not surface-sterilized often produced soft rot in cabbage 
seedlings. Similarly, larvae hatched from surface-sterilized eggs were 
transferred to a growth of B. rarotovorus for a short time, then removed 
to tubes containing cabbage seedlings; they soon reduced the seedlings to a 
rotting mass. Maggots were then collected from rotting cabbage heads in 
the field and placed upon cabbage leaves and seedlings. The large larvae 
approaching pupating conditions apparently did not feed upon the cabbage 
but pupated in a day or two and no rot followed. The smaller ones, evi¬ 
dently recently batched, were very active and fed ravenously upon the food 
' supply, soon bringing about a soft rot. Apparently, the larvae also become 
contaminated front vaqoua sources, the egg shell, the soil, or decaying plant 
material. The eoasiatft borihg of the insect into the succnlent tissues pre¬ 
vents these from healing over, and the contamination probably is trans- 
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1erred by the lar\ae both from the mouth parts and the bod> m general to 
the fresh tissues thus constantly exposed In this wa> the maggot serves 
as an agent of both dissemination and inoculation of the soft rot pathogene 

PAHIOGLMC1TT OF CT T LTLKE& ON CABBAGE PLANTS 

Bacterial suspensions m water were made from the cultures obtained 
from the various stages of the insect Inoculations were made from these 
into the stems and lea\es of cabbage plants in the greenhouse All the 
cultures produced soft rot, although some seemed more virulent than others 
In the field it was much more difficult to obtain infection Repeated inocu¬ 
lations were made but only 12 per cent of the cultures caused a general 
collapse of the stems within 2 weeks The same results were obtained in 
<hecks inoculated with li carolovorus and other soft-rot cultures of known 
virulence Since the weather was extremelv drv it is possible that a 
suberi/ation of the tissue occurred before infection could take place 
Stump rot developed in main of the inoculated plants later in the season 
Among the nonimaulated plants stump rot was much less prevalent indi- 
<atmg that some of the rot appearing late in the season was due to the 
inoculations but was slow in developing The same difficultv was experi¬ 
enced in the inm.illations with the contents of the puparia and gastric 
tracts of adult flies onlv about 1 > per cent of the suspensions that had 
produced rot on cabbage plants in the greenhouse causing an immediate 
rot in the field Again stump rot was iound in most ot the inoculated 
plants later in the season, while verv little was found m the noniiioiulated 
plants Figure 1 shows the rot produced in a cabbage plant in the field 
as a result of inoculation with the contents of a pupanum 

PATHOGENIC IT\ ON POTVTO sTLMs 

Inoculations vveie made with some of the cultures into potato stems and 
potato sprouts A soft rot developed in both While the decaving tissues 
of the cabbage did not change extremely in color the deeav m some of the 
potatoes was marked bv a dark color varvmg m intensity according to the 
variety of potato uv*d and resembling somewhat the discoloration found m 
potato stems affected with potato blackleg Since Leacli (11) has found 
that the seed-corn maggot serves as an agent of dissemination and inocula¬ 
tion of the potato blackleg, the idea might suggest itself that the flies from 
wrhieh these cultures were isolated were adult flies of the seed-corn maggot, 
especially as there is no known morphological difference between the female 
flies of the two species and both species attack cabbage IIowe\er, some 
of these cultures were isolated from the male fly, and this, as previously 
mentioned, is readily distinguished from the male fly of the seed-corn 
maggot. 
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Ffa, I. Stump rot in cabbage developing in the field from inoculation with the contente 
tft s ft^face-stdrilised puparium of a cabbage maggot. 
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PATHOGENICITY OF B. CAROTOVORUS ON CAULIFLOWER AND OTHER 
(CRUCIFEROUS PLANTS 

Different conclusions have been reached by various investigators as to 
the pathogenicity of B. carotovorus on cauliflower and some other Cruci- 
ferae. Massey (13) reported, in 1924, that he was unable to produce a 
soft rot on cauliflower and kohl-rabi with B. carotovorus. Jones (10) had 
originally obtained the same results with his own culture of B. carotovorus. 
However, Harding and Stewart (8) found in 1902 that a culture isolated by 
them, as well as Jones’ culture of B. carotovorus , produced a virulent soft 
rot on both cabbage and cauliflower plants. 

The writer inoculated cauliflower heads with tap-water suspensions made 
from young agar cultures of B. phytophthorus Appel, B. aeroideae Towns., 
B. carotovorus Jones, and three other cultures of B. carotovorus of known 
virulence. Each of them reduced the cauliflower heads to a rotten mass in 
a few days. Inoculations were made also into cauliflower, turnip, and 
kohl-rabi with cultures isolated from the various stages of the cabbage 
maggot and identified as B. carotovorus , and soft rot was produced in all 
cases. Old cultures in broth were then used for inoculations but with 
negative results. When these cultures had been rejuvenated by transfer 
in broth a number of times, soft rot was obtained. Although the old broth 
cultures used for inoculation were cloudy and seemed to contain a heavy 
growth of the organism, probably only a few of the bacteria were in a 
viable condition and were unable to attack the vegetables inoculated before 
suberization of the tissues took place. 

FEEDING EXPERIMENTS WITH LARVAE 

According to Riley and Johannsen (14), Celli of Italy, in 1888, fed flies 
on pure cultures of B. typhosus and recovered the organism from the feces 
and intestinal tract of the insects. Cao (4), another Italian investigator, 
in 1906, starved cockroaches for 4.1 days, then fed them with bacteria of 
the colon-typhoid group and isolated the same type of bacteria from the 
excrement. Graham-Smith (7) conducted similar experiments on flies in 
1910. In 1911 llacot (1) reared larvae from Mu sea domcstica , fed them 
with cultures of B . pyocyancus , and isolated the organism from the diges¬ 
tive tract of both larvae and imagines. He concluded that pathogenic 
bacteria may be ingested by the larvae and persist in the adult, with some 
danger of being distributed in this way. 

In the experiments on the cabbage maggot discussed in this paper it 
seemed apparent that the bacterial flora harbored by the insect varied 
according to the condition of the food ingested. Therefore, a study of this 
relationship was undertaken. Eggs were surface-sterilized and placed on 
sterile slants containing sterile, sprouting cabbage seeds. In a few days a 



868 


Phytopathology 


[ Vol. 20 


culture of a fluorescent bacterium was added. The eggs hatched and the 
larvae grew normally and pupated. The puparia thus obtained were 
surface-sterilized and the contents withdrawn with a sterile pipette and 
plated on agar. A high bacterial count of the fluorescent organism was 
obtained in all of them. Other eggs were placed upon surface-sterilized 
cabbage leaves, which were then inoculated with Pseudomonas campestris 
(Pam.) E. F. S. This organism also was recovered from the puparia which 
developed from the larvae. In the same manner, eggs were allowed to 
hatch on cabbage-leaf sections in petri dishes inoculated with cultures of a 
fluorescent and a yellow pigmented bacterium. Plates from the puparia 
obtained showed colonies of both types of bacteria. Similarly, larvae were 
reared from eggs on cabbage slices inoculated with B. carotovorus , and this 
organism was recovered from the resulting puparia. Bacterial counts made 
from the puparia in the latter group varied in proportion to the degree of 
the decomposition of the food consumed. It evidently can be concluded 
that the bacterial contents of the gastric tract of the larvae depend upon the 
type of food ingested. The tendency of such bacteria to persist throughout 
the life cycle of the insect makes it seem probable that the soft-rot pathogene 
will persist from generation to generation in the cabbage maggot. 

OTHER BACTERIA ISOLATED FROM THE INSECT 

As previously mentioned, a culture corresponding to B . aeroideae 
was isolated from an adult fly. Another organism, differing from 
the former only in its fermentation of dextrose, was obtained. Since a 
single-cell isolation was not made, it is possible that the latter culture may 
have been contaminated with a dextrose-fermenting organism that could 
not be removed by repeated platings. Both cultures produced a soft rot 
on cabbage plants in the greenhouse. 

Fluorescent bacteria were always obtained from the insect. These con¬ 
sisted of two types, one a straight, stout, rod-shape organism; the other, 
slender and curved. Within each of these types variations occurred in the 
fermentation of various sugars. One of the cultures was identified as 
Pseudomonas fluorescens (Flugge) Migula. Another fluorescent organism, 
not definitely identified, produced a “water soaked” appearance in cabbage 
leaves, after which the tissue dried out. This occurred only under high 
temperature and humidity, so it is probably of no importance economically, 
since such conditions would not normally exist in storage. 

Several times a spore-bearing bacterium, corresponding to B . mesen* 
tericus Flugge was obtained from puparia. Under conditions of high tem¬ 
perature and high relative humidity it caused a soft rot on cabbage leaves. 
But, since such conditions usually do not prevail in storage, the organism 
is probably of no importance in this respect. It did not affect the stems 
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of cabbage plants in the greenhouse This bacterium is of some interest, 
since Bnerly (3) has recently reported finding a strain ot B mesentencus 
that is pathogenic for potatoes but does not infect the stems of cabbage 
seedlings 

Various types of cellulose bacteria were isolated from a number of 
pupana collected from badly decayed cabbage heads These included the 
yellowish pigmented strains of Spiuxhaeta cytophaya (Merker) Hutchin¬ 
son and Clayton This was anticipated, tor cellulose bacteria were found 
on tlie exterior of sound vegetables and were very numerous m decayed 
cabbage They probably are ingested in large numbers by the maggot A 
yellow pigmented bacterium corresponding to Ps (ampcstns was isolated 
from the maggot main times While the cultures showed some patho¬ 
genicity for cabbage plants in the greenhouse* and may possibly indicate 
that the cabbage maggot may disseminate and inoculate the organism caus¬ 
ing black rot of cabbage, the data obtained are insufficient to justify con- 
(lusions at this time 

OTIIJK 1NSUTS 1 >|SM MIS VTINO TJIL sol T HOT B4< TLKIA 

IIifInny hi anhyiia Mg- Smith and Dickerson (17) in 1907 made the 
following statement in legard to the onion maggot and its connection with 
the soft rot ot onion “In feeding the maggots may attack the onion at 
the side, but generally they work upward through the center of the bulb, 
beginning at the bottom especially when the onion is small This they can 
readily do, because the tissue is rather soft and still further softened by 
the decay caused by the maggot injury ’ Gibson and Treherne (b) speak 
of tin* maggots working “their way down within the sheaths until they 
reach the young forming bulbs in which they feed and ultimately reduce 
the same especially the lower portions to a rotten mass f 

In the course of the research reported here 23 pupana of the onion 
maggot were successfully surface stenli/ed and crushed in broth Inocu¬ 
lations were made from 12 of these into onion bulbs and 9 of them produced 
a soft rot Plates were made from the remaining 11 pupana and cultures 
of B caioform us were obtained from 4 The entire bacterial growth was 
washed from the 7 plates from which no soft-rot colonies had been isolated, 
inoculations were made from these suspensions into onion bulbs Two of 
them produced the soft rot Eight puparia were surface-stenli/ed and 
placed on sterile agar slants The tracks left on the agar by the emerging 
adult flies became outlined by a bacterial growth, and cultures of B (aroio- 
votu s were obtained from 5 of them 

It is evident from this preliminary investigation that the onion maggot 
is a factor in the development of the bacterial soft rot of onion In fact, 
it is very r probable that all of the species of this group of insects will be 
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found to harbor the soft-rot pathogene and to serve as an agent of dis¬ 
semination and inoculation of these bacteria. 

Cynipids .—Parasites on the cabbage maggot were found to be numerous 
at the time of this investigation. From 214 puparia, planted on agar 
slants during the first year of this work, only 104 flies emerged. The rest 
of the puparia were parasitized by a Cynipid. Although no colonies of 
the soft-rot organism were found on the plates made from the gastric con¬ 
tents of these parasites, typical soft rot was produced in cabbage plants in 
the greenhouse from the inoculation of the macerated intestinal tract of 
many of these insects. The parasite probably had ingested the soft-rot 
bacteria in feeding upon its host and had retained these in viable form. 

Stapliylinids. —The puparia of the spring brood of cabbage maggots in 
1928 were severely parasitized by a Staphylinid, the parasite emerging 
from 94 per cent of 494 puparia. The majority of these were Baryodma 
bimaculata Grvh., although several other types, not identified, were found. 
Four of the parasites emerged from the puparia while observed by the 
writer. The meconium of these empty puparia was swabbed out and 
inoculations were made into broth and plated. Bacillus carotovorus was 
isolated from 2 of them. Inoculations from the macerated gastric tract of 
some of the insects produced soft rot on cabbage plants. The Staphylinid 
apparently consumes every trace of the contents of the puparium and 
undoubtedly ingests the soft-rot bacteria present in the pupating maggot, 
many of these remaining viable in the parasite. Adult Staphylinids emerg¬ 
ing from puparia often were found to harbor the soft-rot bacteria. This 
is probably of no economic importance, since the insect evidently does not 
attack the plant. Any dissemination of the pathogene it may bring about 
as a mechanical carrier is undoubtedly limited, while the heavy mortality 
it causes among the maggots indicates that it is a parasite of considerable 
importance. 

Collembola spp .—Various species of Collembola were frequently found 
in rotting cabbage. Some of them were transferred to cabbage seedlings 
growing in sterilized soil, and decay followed their attacks upon the young 
plants. No attempts were made to ascertain if Jhese insects harbor the 
soft-rot pathogene in the digestive tract, but they probably serve as mechan¬ 
ical carriers of various bacteria, including those of soft rot. This dissemi¬ 
nation may be of no economic importance. 

CONCLUSIONS 

The cabbage maggot is often associated with the soft rot of cabbage and 
other vegetables. The egg is free from bacteria internally but is contami¬ 
nated externally vifh varlbus types of bacteria from such sources as the 
soil, decaying plant tissue, and probably the exterior of the parent 
fly. This contamination often includes the soft-rot bacteria. 
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The newly hatched lar\a is also contaminated on the exterior from 
somewhat similar sources, such as decaying plant material, the soil, and 
probably the exterior of the eggshell In feeding upon the cruciferous 
plants, the maggot inoculates these bacteria, oiten including the soft rot 
pathogene, into the succulent tissues of the host plant, and soft rot ma\ 
thus develop m varying degrees simultaneously with the attack of the insect 
upon the plant In this manner the larva may ingest decaying food tissue 
containing the soft rot oigamsms Mam of these bacteria remain viable m 
the digestne tract of the maggot 

These organisms also peisist in varying numbers inside the pupanum 
and are 'voided in the meconium in sufficient numbers to contaminate the 
emerging adult fly The same type of bacteria survive m the intestinal 
tiact of the* fly and are sometimes found in the fetes There is therefore 
a close association between tlie soft rot pathogene and the cabbage maggot 
throughout its entire life cvcle While only a few of the maggots feeding 
on radishes with no visible decay were found to haihor the soft rot bacteria 
it is probable that the larvae feeding upon the more soft rot susceptible 
cruciferous plants ingest c nough of these organisms to become an impor 
tant factor as agents of dissemination and inoculation of the soft rot 
bacteria 

In view of these facts it appears that it will be necessary to take into 
consideration tlie control oi the cabbage maggot in planning measures of 
control of the soft rot of c i ueifeious plants 

si mvakv 

1 Entomologists and plant pathologists often have observed a close 
association between the lacerations of the cabbage 1 plant by the cabbage 
maggot and the development of bacterial soft red 

2 A study was made to deteimme the possibility of the dissemination 
and inoculation of the soft lot bacteria by the maggot 

3 The eggs of the liiscnd were found to be fiee from bacteria internally 
but contaminated externally with bacteria of various kinds often including 
the soft-rot organisms Such contamination probably is from the body of 
the parent fly the soil or decaying vegetable matenal 

4 The larvae hatched from surface sterilized eggs contained no bae 
term However, they apparently become contaminated externally fiom 
various sources such as the soil, decaying plant material and probably 
from the contaminated eggshell They ingest bactena with their food 

o The pupana contained viable bacteria ot many types including the 
soft-rot pathogene 

6 Such bacteria were found also m viable foini m the intestinal tract 
and the excrement of the adult fly 

7 Soft-rot bacteria were found in overwintering pupana and were 
viable in puparia exposed to freezing temperatures 
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8. There is evidently a close association between the soft-rot pathogene 
and the cabbage maggot in its entire cycle. 

9. Cabbage-maggot larvae that had been feeding upon decaying cabbage 
tissue inoculated fresh cabbage leaves with soft-rot bacteria which reduced 
them to a rotten mass. The constant lacerations from the maggot pre¬ 
vented the wounded tissue from healing over and checking the decay. 

10. Evidently, the larvae of the cabbage maggot, as well as those of 
closely related species, may serve as agents of dissemination and inocula¬ 
tion of the soft-rot bacteria. 

11. Certain insects parasitic on the cabbage maggot were found to dis¬ 
seminate the same type of bacteria, but they are probably of little economic 
importance in this respect. 
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HOST SPECIALIZATION OP BARLEY LEAP RUST, 
PUCCINIA ANOMALA 

K B Mains 1 

INTRODUCTION 

Pucnma anomala Rostr is a rust resembling m many respects the leaf 
rusts of wheat, Pucnma tnticina Eriks, and rye. Pucnma dispcrsa Eriks 
and Henn It differs most noticeably from these m that a majority of its 
teliospores are unicellular, as in the genus Tromyees Since, however, a 
small proportion of its teliospores are biceliular it is placed in the genus 
Puccinia in other respects it resembles Pucnma rubigo-vera DC , having 
globoid or ellipsoid uredmiospores, with scattered germ pores and the teha 
long covered by the epidermis of the host 

Various other names ha\e been applied to this rust The name Puc¬ 
nma simplex (Keke » Eriks and Henn (4) is often used In the North 
American Plora Arthur and Promme (1) ha\e listed it under the name, 
Dicacoma anomala 

Compared with the other cereal rusts, this species has reconed \er\ lit¬ 
tle study Fn Russia Tran/sehel ill) has shown that it produces its aecial 
stage on (h mthoqalum umbi Hat urn L and O run bone me L lie was un¬ 
able to infect Muscan botiifouhs iL ^ Mill . V tnnnflorum Tausch , Snlla 
sibirua Andr and Allium angulosum L In the Tinted States. Mams and 
Jackson (8) were able to produce aecia on O umbcllatum but not on 
Xothoscordium hvalve *L ) Britton The aecial stage has been produced 
also on O. umlullafvm in Austtia (2 1 Germain <b , and m France ("3^ 

Very little study has been made of the specialization of this rust to grass 
hosts For North America, Arthur and Promme (1) report it only on 
Hordcum vultjare L The Sjdows (10) list it on II distuhum , H hexa- 
stichum , H sccahnum . II vulgare * and II zconithon In Germany, 
Klebalm (3) observed that in the field II dtstnhon . II disUchon nigricans. 
II hexasUchon.il zconithon. H cotlcstc Ultimatum, H vulgaic. and H 
vulgare cornutum were heavily rusted, while II vulgarc mgrnm was free 
from rust, 

Vavilov (12) studied 82 agronomic varieties of barley for susceptibility 
to Puccinia anomala Five varieties of Hordcum vulcjare hcxastichum L 
were more or leas susceptible (type 3 or 4) Thirty-nine varieties of H 

1 Published with the approval of the Director as a vontnbution from the Depart 
meat of Botany, Purdue ITnnersity Agricultural Experiment Station, La Fayette, Ind. 
Cooperative investigation between the Purdue University Agricultural Experiment Sta¬ 
tion and the Office of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture. 
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vulgare tetrastichum lvcke. were more or less susceptible (type 3 or 4), 
while 5 were somewhat resistant (type 2£) and one moderately resistant 
(type 2). Thirty-four varieties of H. distichum L. were more or less sus¬ 
ceptible, 2 somewhat resistant, 3 moderately resistant, and 1 resistant 
(type 1). 

In Australia, Waterhouse (13) has recently reported studies in which 
Hordeum spontaneum Koch was found to be completely susceptible (type 
4). Hordeum murinum L. was very resistant (type 0). In a study of 116 
varieties of barley, he found 54 varieties of H. vulgare L. susceptible (type 
4), 10 moderately resistant (type 2), and 15 resistant (types 0-1). In H. 
intermedium Kcke., all eight of the varieties studied were susceptible. In 
H . distichon L., 24 varieties were susceptible and one w'as resistant. In H. 
deficiens Steud., the four varieties studied were all susceptible. 

RESULTS 

The studies here reported were begun in 1918. The results obtained in 
a study of the aeeial hosts have already been reported in a previous paper 
(8). The occurrence of physiologic forms in this rust also has been briefly 
noted (7). This paper gives in more detail the results obtained in a study 
of its host specialization. 

Wild grass hosts. During the first few years of work on barley leaf 
rust, attention was devoted largely to a study of the susceptibility of 
grasses to this rust. In this study 25 to 35 seedlings of several grasses were 
inoculated in the greenhouse with a number of collections of the leaf rust 
of barley. 

In 1918, a collection of rust obtained by Prof. H. S. Jackson at Ithaca, 
N. Y., was sow r n on seedlings of Agropyron eristatum 2 Beauw, A. repens 
(L.) Beauv., A. tenerum Vasey, Bromus inermis Leyss., B. pratensis Lam., 
B. secalinus L., B. sitchensis Bong., B. sterilis L., B. tectorum L., B. villosus 
Forsk., Elymus australis Scribn. & Ball, E . canadensis L., E. condensatus 
Presl., E . glaueus Buckl., Hordeum distichon L. (Hanna, Hannchen), H. 
juhatum L., H. pusiUum Nutt., H . vulgare L. (Tennessee Winter), Hystrix 
hystrix (L.) Millsp., Puccmettmnuttalliana (Sctyultes) Hitch., Sitanion 
hystrix (Nutt.) J. G. Smith, and Triticum vulgare Vill. (Gypsy, Fultzo- 
Mediterranean). Uredinia were produced in abundance on Hordeum 
distichon and H . vutg&re. No signs of infection other than occasional faint 
flecks were noted on the other grasses. This series of grasses was reinocu¬ 
lated twice during the winter with similar results. 

Another collection of the leaf rust of barley made by Prof. H. S. Jack- 
son at Mtdfcon, Wis.,^November, 1918, was sown on seedlings of Agropyron 
caninum (L.) feeauvr, A . eristatum, A. pseudorepens Scribn. & Smith, A. 

* Thanks are itte Prof. A. 8. Hitchcock for identifying and checking the determina¬ 
tion o^the grasses studied. 
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repens, A. Smithii Ilydb., A. tenerum, Alopecurus geniculatus L., A . pra¬ 
tensis, Bromus altissimus Pursh., B. carmatus Hook. & Arn., B. erectus 
Huds., B. hordeaceus L., B. inermis, B. japonicus Thunb., B . Kalmii A. 
Gray, B. polyanthus Scribn., B. pratensis, B. secaJinus, B. sitchensis, B. 
tectonim, B . tectorum nudum Mert. & Koch., B. villosus, Elymus australis, 
E. canadensis, E. glaucus> E. virginicus L., Festuca elatior L., F . rubra L., 
Horde urn distichon (Chevalier, Hanna), H. jubatum, H. murinum L., H. 
nodosum L., H. pusillum , H. vulgare (Odessa, Tennessee Winter), Hystrix 
hystrix, Puccinella sp., Panicularia borealis Nash., P. grandis (S. Wats.) 
Nash., Poa pratensis L., P. triflora Gileb; Sitanion hystrix, Sccale cereale 
L. (Mammoth Winter), and Triticum vulgare (Gypsy, Fultzo-Mediterra- 
nean). Uredinia were produced only on varieties of Hordeum distichon 
and H. vulgare. No signs of infection were noted other than occasional 
faint flecking on the other grasses. This series of grasses was reinoeulated 
twice during the winter with similar results. 

In 1919, a collection of leaf rust made by the writer at La Fayette, Ind., 
was sown on seedlings of Agropyron cristatum , A. tenerum , Elymus cana¬ 
densis, E. glaums , Hordeum distichon (Hanna, Hannchen), H. pusillum , 
//. vulgan (Manchuria, Mariout), Hystrix hystrix, Sitanion hystrix , Puc- 
cinellia sp., and Triticum vulgare (Red Wave). Uredinia developed only 
on the varieties of Hordeum distichon and H. vulgare. Blight flecking 
showed on Secale cereale . Triticum vulgare , and E. canadensis . 

In 1920, leaf rust of barley collected by E. Bethel at San Diego. Cali¬ 
fornia, was sown on seedlings of Hordeum distichon (Hanna), H. murinum , 
H. nodosum , H. pusillum . and II. vulgare (Tennessee Winter). Abundant 
uredinia were produced on the varieties of II. distichon and II. vulgare , 
while only a few faint flecks developed on the other grasses. 

A collection of the leaf rust of barley made by the writer at La Fayette, 
Ind., was sown on seedlings of Hordeum boreale Scribn. & J. G. Smith, H. 
caespitosum Scribn., H. distirhon (Hanna), H. gussoncanum Pari, H. 
jubatum , II. maritimum With., II. murinum , H. nodosum , H. pusillum , and 
H , vulgare (Oderbrucker, Beardless, Manchuria). Abundant uredinia 
developed on the varieties of II. distichon and H . vulgare . The only signs 
of infection on the other species of Hordeum were faint flecks. 

In 1921, a collection of leaf rust of barley made by H. B. Humphrey at 
Mt. Vernon, Washington, was sown on seedlings of Hordeum deficiens 
(Blackhull), JT. distichon (Chevalier, Hannchen), H. gussoncanum , H. 
intermedium (Nakano Wase), H . murinum , H. nodosum , H. pusillum , H. 
secalinum Schreb., H . silvaticum , //. spontaneum C. Koch, and H . vulgare 
(Manchuria, Tennessee Winter). Abundant uredinia developed on H. 
spontaneum and the varieties of H . distichon, H. intermedium , and H. vul¬ 
gare. The other species showed only occasional faint flecks. 
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These studies would, therefore, indicate that the leaf rust of barley is 
probably limited to the closely related species Hordeum deficiens, H. 
distichon f H. intermedium , H. vulgar e, and H. spontaneum. 

Physiologic forms of the rust differentiated by barley varieties .—Atten¬ 
tion was next directed to a study of the relative susceptibility of barley 
varieties. Through the kindness of H. V. Harlan and M. N. Pope, of the 
Office of Cereal Crops and Diseases, an extensive series of over 600 barley 
varieties was received for study. During the winter of 1928-24. these 
varieties were given a thorough test in the seedling stage in the greenhouse 
with a culture of leaf rust received from Washington, D. C. To this col¬ 
lection most of the varieties of Hordeum distichon , //. intermedium , //. vul- 
gare , and H . deficiens proved to be susceptible. However, a number of 
varieties especially of H. vulgare and H. distichon showed resistance A 
selected series of these varieties has been studied in succeeding years an itli 
other collections of the rust. As a result of these studies, it was found 
that two physiologic forms of the rust occurred in the United States that 
could be distinguished by the reactions of certain of these varieties 



Fio. 1. * Type* of reaction to leaf mat, physiologic form 1. A, susceptible, typo 4, 
uredinia jarge, numerous, little or no chloroiis (Wisconsin Winter 49) ; B, moderately 
susceptible, type a, uredinia moderate to large, more or less numerous, usually sonie^ 
chlorosis (Eagle C. I. 913); C, moderately resistant, type 2, uredinia moderate in sizc7 
chlofotfc *and necrotic spots prevalent, frequently without uredinia (Limerick C. I. 
1302) j I), v&ry resistant, type 1, uredinia small, few, infection mostly evident as 
necrotic spots without vfcdinia < Peruvian 0. I. 935); E, highly resistant, type 0, no 
uredhl(p produced, infection evident only as small necrotic spots or flecks (Horsford 
C. I. my. 
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It is not proposed in this paper to attempt to give all the data accumu¬ 
lated in this study. However, a set of seventeen varieties has been 
selected which, it is believed, best characterize the two physiologic forms of 
the rust. Nine varieties which show' marked differences in reaction to the 
two forms, 1 variety susceptible to both physiologic forms, and 7 varieties 
highly resistant to both physiologic forms have been included. 

The methods were similar to those used b\ Mains and Jackson (9; in 
their study of the leaf rust of wheat, Puccima intmna. Inoculations wore 
made on seedlings in the second- to third-leaf stage. All studies were made 
m the greenhouse of Purdue University Agricultural Experiment Station 
during the winter months 

Five classes of reaction were recognized: Susceptible was denoted by 4 
( Fig 1, A i ; moderately susceptible, by 3 (Fig 1.1>» , moderately resistant, 
by 2 (Fig 1,(M ; very resistant, by 1 (Fig 1, I)) : highly resistant, by 0 
(Fig 1, E) These agree with the classes used by Waterhouse (13) in his 
studies of this rust and also by Mains and Jackson (fU for other leaf rusts 
of the cereals. 

The results of these studies are given in table 1. As is evident from 
this table, two physiologic forms ha\e been sharply differentiated by the 



Fig. 2. Reaction of barley varieties to physiologic form 1 of Pucnnui anomala. A , 
susceptible, Hanna 90C; B, resistant, Beardless C. I. 610; C, Horsford C. I. 

507; D, Oderbrucker 0. I. 940, and E, Bolivia C. I. 1257. Compare 
with reaction to physiologic form 2 (Fig. 3). 
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reaction of Featherston 0 I 1120, Oderbrucker C I 040, Oderbrueker C I. 
957, Unnamed C I 1347, Malting C. I. 1129, Manchuria C. T. 2330, Hooded 
Spring C. I. 716, Horsford C. I. 507, and Horsford C I. 877 (Figs. 2 
and 3). These have all been highly resistant to physiologic form 1 and 
susceptible to physiologic form 2. 



Fig 3 Reaction of barley \drieties to physiologic form 2 of Puccinta anomala A, 
susceptible, Hanna C I. 906; B, Beardless C. I. 610; C, Horsford C I 
507; D, Oderbrucker C. I. 940; E, resistant, Bolivia C. I. 1257 
Compare with the reaction to physiologic form 1 (Fig 2). 


Physiologic form 1 was collected as follows: 8 1923, Arlington, Va.; 

1924, Knoxville, Tenn., Arlington, Va.; 1925, Arlington, Va.; 1927, Hub¬ 
bard, Iowa, Mecklenburg, N. Y., Arlington, Va., Jja Fayette, Ind.; 1928, 
San Juan Island, Wash., Atlantic, Iowa, Maumee, Ohio; 1929, Denton, 
Texas, La Fayette, Ind. 

Physiologic form 2 has been obtained from the following localities: 

1925, Knoxville, Tenn.; 1927, Knoxville, Tenn., Marshall, N. 0., Manhattan, 
Kans., MacDonald College, Canada; 1928, Arlington, Va., Knoxville 
Term., Maumee, Ohio, Lewisburg, Ohio. 

* The writer wishes to express h*s thanks to H. B. Humphrey, C. E. Leighty, P. W. 
Rohrbaugh, J. W. Bari*|er, an4 C. O. Johnston for their kindness in supplying collec¬ 
tions of the rust employed in these studies. 















TABLE 1 .—Reaction of seienteen varieties of barley to two physiologic forms of leaf rust, Puccinia anomala 
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A mixture of the two physiologic forms occurred in only one collection, 
that from Maumee, Ohio, in 1928. Collections from La Payette, Ind., have 
not been included for the most part, since cultures of the two forms have 
been introduced into the experimental plots in studies of varietal suscepti¬ 
bility. Consequently, the forms present did not indicate natural distri¬ 
bution. 

It is interesting to note the occurrence of physiologic forms at Arling¬ 
ton, Va., and Knoxville, Tenn. Physiologic form 1 was prevalent at 
Arlington, Va., in 1923, 1924, 1925, and 1927, while physiologic form 2 
occurred in 1928. At Knoxville, Tenn., physiologic form 1 occurred in 
1924, while physiologic form 2 was prevalent in 1925, 1927, and 1928. 

Waterhouse (13), in his study of barley varieties for reaction to P?/r- 
einia anomala, in Australia, found that 16 out of 116 varieties showed con¬ 
siderable resistance and 10 were moderately resistant in studies of the 
seedlings during the winter months. The same author (14) has recently 
shown that during the summer months a number of these are susceptible 

TABLE 2.— Ecaction, to physiologic forms 1 and 2 of leaf rust in thr Vnitrd Stairs , of haihy 

varieties resistant in Australia 


Variety 

Australian 

No. 

B. P. No. 

Physiologic 
form 1 

Physiologic 
form 2 

Australian* 

rust 

1928 

1929 

1928 

1929 

California Feed 

B59 

799 

4- 

2-3 

4 

3 

o 

P&akwon 

B81 

800 

4 

4 

4 

4 

o 

Locride 

B86 

801 

4 

3 

3-4 

4 

o 

Sahara 

B95 

802 

4 

3 

4 

o 

O 

Coast 

B121 

803 

4 

4- 

4- 

3 

2 

Manonet 

B113 

804 

4- 

4- 

2-3 

3 

2 

Orge Fourrager 

B102 

805 

1 

1 

o 

1 

o 

Lion 

B33 

806 

4 

4 

4 

4 

2 

Smooth AwnxLutli 

B34 

807 

4 

4 

4- 

4 

o 

Smooth Awn x Manchuria 

B35 

808 

4- 

4 

2 

4 

2 

C. I. 2208 


809 

2 

0 

3 

4 

0-1 

Virginia Hooded 

B6 

810 

2+ 

1 

3 

2-3 

0-1 

Smooth Awn x Manchuria 

B36 

811 

2 

2 

3+ 

3-4 

0-1 

Smooth Awn x Manchuria 

B37 

812 

24- 

2 

3+ 

4 

0-1 

Smooth Awn x Manchuria 

B38 

813 

2 

1 

3+ 

4 

0-1 

Manchuria Sel. C163 - 

B40 

814 

2+ 

i 

4 

4 

0-1 

Manchuria Sel. C168 

B41 

815 

2+ 

l 

3+ 

4 

0-1 

Manchuria Minn. 184 

B43 

816 

2 + 

i 

3+ 

4 

0-1 

Manchuria 

B44 

817 

2+ 

i 

4 

3-4 

0-1 

0. A. C. 21 

B61 

818 

2+ 

2 

4- 

4 

0-1 

No. 22 

B69 

819 

1-2 

0 

2 

2 

0-1 

No. 305 

B85 

820 

3 

2-3 

3 

2 

0-1 

ColSOM 

B97 

821 

2 

0 

3-4 

4 

o-u 

Orge 4th . , 

. . B100 

822 

0 

0 

0 

0 

0-1 

prge 14 J 

* B101 

823 

0 

0 

0 

0 

0-1 

C. I. 2220 * * 

B23 

824 

2+ 


4 


0 


‘Reaction given by W.\». Waterhouse. Jour. Proc. Royal Soc. N. S. Wales 61: 223-225. 
1928. 
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Mr. Waterhouse kindly furnished the writer with seed of these 26 varieties 
and these have been studied for reaction to physiologic forms 1 and 2 dur¬ 
ing the winters of 1928-29 and 1929-30. The results of these studies are 
given in table 2 in comparison with those obtained by Waterhouse with the 
Australian rust under similar conditions. 

The results would indicate that the rust of Australia is a third physio¬ 
logic form. Most of the varieties were more susceptible to physiologic 
forms 1 and 2 than reported by Waterhouse. The Australian rust ap¬ 
proached physiologic form 1 in that all the varieties highly resistant to it 
also showed some resistance to physiologic form 1, although to a less extent. 

Four varieties, Orge Fourroger B102, No. 22 B69, Orge 4th B100, Orge 
14J B101, were resistant to all of the forms studied in Australia and the 
United States. The last two were very resistant to both physiologic form 
1 and 2 as well as the Australian rust. 

SUMMARY 

1. In these studies favorable hosts for the leaf rust of barley, Puccinia 
anomala, were found in only a few closely related species of Hordeum, viz.: 
H. vulgare, H. deficients, II. distich on, H. intermedium , and H. spontaneum. 

2. Seedlings of Ag ropy von caninum , A. cristatum , A. pseudo-repens, A. 
repens, A. Smithii, A. tenerum, Alopecurus genieulatus, A. j>ratensis, 
Pronins altissimus, B. carimitus , B. erectus, B. hordeaceus, B. inermis , B. 
japonicus, B. pratensis, B. secalinus, B. sitchensis , B. sterilis, B. tectorum, 

B. tcctorum nudum, B. vitlosus, Elymus australis, E. canadensis, E. con - 
densatus, E . glaucus, E. virginicus, Festuca elatior , F. rubra , Hordeum 
boreale , H. caespitosum, gussoneanum, H. jubatum, H. maritimum, //. 
murinum, H. nodosum, H. pusillum , JT. secalinum, H. silvaticum , Hystrix 
hystrix , Panicularia borealis, P. prat en sis, P. grand is, Poa pratensis, P. tri - 
/tow, Puccinellia nuttalliana, Becale cereale, Sitanion hystrix, and Triticum 
vulgare showed little or no signs of infection beyond occasional slight 
flecking. 

3. Two physiologic forms of Puccinia anomala have been distinguished 
in the United States. These are distinguished by the differences in reac¬ 
tion of a select set of barley varieties, Featherston C. I. 1120, Oderbrucker 

C. I. 940, Oderbrucker 0. I. 957, Unnamed O. I. 1347, Malting C. I. 1129, 
Manchuria C. T. 2330, Hooded Spring C. I. 716, Horsford C. I. 507, and 
Horsford C. I. 877, which are highly resistant to physiologic form 1 and 
more or less susceptible to physiologic form 2. 

4. Seven varieties, Oallas O. I. 2440, Mecknos Moroc C. I. 1379, Peru¬ 
vian C. I. 935, Quinn C. T. 1024, Bolivia C. I. 1257, Juliaca C. T. 1114, and 
unnamed C. I. 2329, were found to be more or less resistant to both physio¬ 
logic forms. 
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5. Of a series of 26 varieties, found by Waterhouse to be resistant to 
Puccinia anomala in Australia, 22 varieties were more susceptible to the 
physiologic forms from the United States, indicating the existence of a 
third physiologic form in Australia. 

6. Four varieties from Australia, Orge Fourrager B102, No. 22 B69, 
Orge 4tli B100, and Orge 14 JB101, were resistant to the physiologic forms 
used in these studies as well as to the rust in Australia. 

Botany Department, 

University of Michigan, 

Ann Arror. Michigan. 
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STUDIES ON THE PROPERTIES OP THE BEAN-MOSAIC VIRUS 

T. G. Fajardo* 

The determination of the properties of different plant viruses now occu¬ 
pies an increasingly important position with respect to their classification. 
The properties of the ordinary tobacco-mosaic virus and that of cucumber 
mosaic, for example, are now well known (7, 4), but, up to the present, 
nothing has been reported concerning certain properties of the bean-mosaic 
virus. This may be because bean mosaic is difficult to transmit artificially, 
a difficulty frequently encountered by the earlier workers. A method of 
artificial inoculation has been developed by the writer (3), however, that 
has given a fairly high percentage of infection and has made possible a pre¬ 
liminary study of the properties of this virus. The investigation has been 
conducted in relation to the following phases: (1) Effect of aging on the 
virus in vitro, (2) effect of dilution, (3) resistance to alcohol treatments, 
(4) resistance to drying in plant tissues, (3) thermal death point, (6) 
effect of dry heat on the virus in infected seeds, (7) effect of freezing, and 
(8) filterability through bacterium-proof filters. 

METHODS 

The methods followed in these studies were uniform unless otherwise 
stated. The bean-mosaic virus was obtained in plant extract either by 
grinding up mosaic bean plants in a sterilized mortar with sterile sand or 
by passing diseased material through a fine meat chopper. The juice was 
then separated from the macerated tissues by squeezing it through cheese¬ 
cloth. After the various treatments, the juice was artificially inoculated to 
young healthy seedlings of the variety Rogers Stringless Green Pod 
or Refugee 1000-1, both of which are late susceptible varieties. The inocu¬ 
lation was performed by rubbing or mutilating the two simple leaves of the 
plants with a small piece of cheesecloth dipped into the juice, to which a 
small quantity of sterilized sand had been added. The control plants were 
inoculated by the same method with a portion of the same but nontreated 
plant extract. The plants were kept in a greenhouse at a temperature of 
24-28° 0. for 25 days. Under ordinary greenhouse conditions, infected 
plants develop typical mosaic symptoms 13 to 20 days after inoculation. 

RESULTS 

(1) Effect of aging on the virus in vitro . The results of a series of 
experiments have shown that the virus of bean mosaic loses its power of 

* The writer is indebeted to Professor L. R. .Tones, under whose encouragement the 
work was pursued, and to Drs. J. Johnson and I. A. Hoggan, who kindly read and 
criticized the manuscript during its preparation. 
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infection rapidly in plant extract. Undiluted juice, whether allowed to 
stand in bulk or in 3 c.c. portions at room temperatures, failed to cause 
infection after 24 hours. Juice diluted w T ith sterile water under the same 
greenhouse conditions loses its infectiousness more rapidly. Dilutions of 1 
part of plant extract to 10 parts of water remained infectious after 14 
hours, while dilutions of 1 to 50 and 1 to 100 failed to produce infection 
after this time. The percentage of infection decreased markedly with in¬ 
crease in dilution and duration of aging. 

(2) Effect of dilution. The results of four experiments indicate that 
the bean-mosaic virus loses its infectious properties readily on dilution with 
distilled water, without aging. A low percentage of infection was obtained 
when the virus was diluted in plant extract to 1 to 1000. No infection was 
secured at dilutions higher than 1 to 1000. 

(3) Resistance to alcohol treatments. The virus of bean mosaic is very 
sensitive to alcohol. A low percentage of infection was obtained after 
treatment of the virus with 50 per cent alcohol at room temperatures for 
less than five minutes, while no infection resulted after treatment with 75 
per cent alcohol or higher strengths for the same length of time. No in¬ 
fection was obtained after treatment with 25 per cent alcohol for 30 min¬ 
utes at room temperature. 

(4) Resistance to drying in plant tissues. The bean-mosaic virus is also 
very sensitive to drying and loses its infectious properties rapidly on dry¬ 
ing. Cut young mosaic plants were allowed to wilt or dry at room tem¬ 
perature for various lengths of time, each sample being weighed at 
the beginning and end of the period. The loss in weight was then replaced 
by addition of distilled water, the plants macerated, and the extract ob¬ 
tained inoculated immediately to young plants. Table 1 shows the results 
of two such experiments and indicates that the virus was still infectious in 
plants that had been allowed to dry for 48 hours. No infection was secured 
from plants after drying 72 hours. Young mosaic plants kept turgid in an 
ice box, however, were still infectious after 72 hours. The virus, therefore, 
lives longer in plant tissuas than in plant extract but becomes inactivated 
when the tissues dry out. 

(5) Thermal death point. The bean-mosaic vjrus has a relatively low 
thermal death point. Five and 10 c.e. portions of mosaic plant extract 
were heated for 10 minutes in thin-wall test tubes in a water bath. After 
heating at 44r-46° C., a single infection resulted in 10 plants inoculated, 
while qo infection obtained after heating at 55-56° C. The thermal death 
point for the virus of b^fgi mosaic therefore appears to lie between 44° 6. 
and 56° C., probably close to 46° C. 

(6) Effect of dry heat on the virus in infected seeds. Several tests with 
mosaic seeds 6f th*" {varieties Rogers Stringless Green Pod and Refugee 
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TABLE 1 .—Resistance of the bean-mosaic virus to drying at room temperature 


Inoculum 

Duration of aging 

Loss of weight 

Plants infected of 

5 inoculated 


Hours 

Per cent 

No. 

Series I 




1 (Control) 

0 

0.0 

5 

2 

4 

35.7 

5 

3 

12 

53.6 

4 

4 

24 

66.7 

1 

5 

48 

80.0 

1 

6 

72 

82.6 

0 

7 

96 

86.4 

0 

Series II 




1 (Control) 

0 

0.0 

4 

2 

16 

50.0 

4 

3 

24 

65.0 

3 

4 

48 

84.0 

1 

5 

72 

87.5 

0 

6 

96 

90.0 

0 


1000-1, heated 12 and 24 hours, respectively, at various temperatures in 
thermo-regulated ovens, showed that the virus could withstand higher tem¬ 
peratures in dry seeds than in plant extract. A certain number of mosaic 
seedlings were obtained from seeds heated at 65-66° C. for 24 hours, while 
seeds heated at 80° to 85° C. failed to germinate. Water extracts of the 
seeds heated at 80°-85° C. gave no infection when inoculated to young bean 
plants. These results, summarized in table 2, show that the highest tem¬ 
peratures which allow of subsequent germination do not destroy the virus 
in the seed. This is in agreement with the conclusions reached by Eeddick 
and Stewart (10). 

(7) Effect of freezing. Freezing undiluted, freshly expressed juice of 
mosaic plants at temperatures of -7° to -10° C. did not appear to affect the 
viability of the virus. The percentage of infection was found to decrease 
with the duration of freezing, until after 24 hours no infection resulted. 
The results, however, were similar to those obtained when testing at room 
temperature the effect of aging on the virus. It is, therefore, believed that 
the freezing, itself, did not cause inactivation of the virus. 

(8) Filterability through bacterium-proof filters. The bean-mosaic 
virus, as far as could be determined, failed to pass through any grade of 
Berkefeld filter at a reduced pressure. In these experiments, inoculation 
of the first 5 to 10 c.c. of the filtrate passing through a grade V, coarse 
Berkefeld filter gave no infection. The nonfiltered juice was found to be 
still highly infectious and gave 100 per cent infection. 
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TABLE 2 .—The effect of dry heat on the bean-mosaic virus in infected seeds 



Time and tem- 

Seeds 

planted 



Variety 

perature of 
heating 

Germination 

Mosaic infection 



No. 

Per cent 

Per cent 


12 Hours 





' 24° C. 

20 

95 

58 

Rogers 

44-46° C. 

20 

60 

67 

Stringless 

65-68° 0. 

40 

80 

59 

Green Pod 

80-85° 0. 

20 

0 

0 


85-90° C. 

20 

0 

0 


24 Hours 





24° C. 

20 

75 

73 


44-46° C. 

20 

85 

71 


65-66° 0. 

40 

90 

72 


80-85° C. 

20 

0 

0 


85-90° C. 

20 

0 

0 


12 Hours 





24° C. 

20 

90 

94 

Refugee 

44-46° 0. 

20 

85 

88 

1000-1 

65-66° 0. 

40 

58 

82 


80-85° C. 

20 

0 

0 


85-90° C. 

20 

0 

0 


24 Hours 





24° C. 

20 

95 

84 


44-46° C. 

20 

90 

83 


65-66° C. 

40 

25 

00 


80-85° C. 

20 

0 

0 


85-90° V. 

20 

0 

0 


A COMPARISON OF THE PROPERTIES OF THE BEAN-MOSAIC VIRUS 
WITH THOSE OF CERTAIN OTHER VIRUSES 

These results indicate that bean mosaic is caused by a specific virus, dis¬ 
tinct from other viruses that have been similarly studied, such as the virus 
of tobacco mosaic, of cucumber mosaic, and of potato-crinkle mosaic. This 
is readily seen from, table 3. While the tohAcco-iiosaic virus may remain 
infectious in plant extract for 1 or more years (3), the bean-mosaic virus 
apparently retains its infectiousness only about 20-24 hours, in this respect 
resembling more closely file viruses of cucumber mosaic and potato-crinkle 
mosaic, which lose their power of infection in 24-48 hours and in 24 hours, 
respectively (4, 8). The virus of bean mosaic retains its infectious nature 
in dried njosaic tissues between 2 and 3 days; that of tobacco mosaic for 
more than 1J 'yfarsSCl); $nd that of cucumber mosaic (4), less than 10 
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Again, while the bean-mosaic virus gives no infection at dilutions higher 
than 1-1000, the tobacco- and cucumber-mosaic viruses are still infectious 
at dilutions of 1 to 10,000 (2, 4). On the other hand, the crinkle-mosaie 
virus produces little infection at dilutions above 1 to 10 (8) and is, in this 
respect, more sensitive than the bean-mosaic virus. 

The bean-mosaic virus is relatively sensitive also to alcohol. No infec¬ 
tion was obtained after treatment with 25 per cent alcohol for 30 minutes, 
while the tobacco-mosaic virus resists 50 per cent alcohol for several days 
and 80 per cent alcohol for half an hour or less (3). Johnson (7) obtained 
no infection with the cucumber-mosaic virus after treatment with 50 per 
cent alcohol for 1 hour. 

The viruses also differ in their thermal death points, that of bean mosaic 
lying between 44° and 56° C., probably close to 46° C., that of tobacco mo¬ 
saic being about 90° C. (9), that of cucumber mosaic 75° C. (4), and that 
of potato-crinkle mosaic 43° O. (8). 

No success was obtained in attempts to filter the bean-mosaic virus 
through* coarse Berkefeld filters, the virus being in this respect comparable 
to that of crinkle mosaic. The tobacco-mosaic virus has been shown by 
Iwanowski (6) and others to pass readily through bacterium-proof filters, 
and the cucumber-mosaic virus has been shown by Doolittle (4) to pass 
through a medium Berkefeld filter. 


TABLE 3 .—Comparison of the properties of the bean-mosaic virus with those of the 
viruses of potato , tobacco , and cucumber mosaics 


Property of virus 

Source of virus 

Bean mosaic 

Potato “crin¬ 
kle mosaic 9 

Tobacco 

mosaic*’ 

Cucumber 

mosaic® 

Resistance to aging in 
vitro 

20-24 lirs. 

24 hrs. 

1 or more yrs. 

24-48 hrs. 

Tolerance to dilution 

1-1000 

1-10 

1 -10,000 

1 -10,000 

Resistance to alcohol 

25% for 30 
min. 

— 

80% for 30 
min. 

50% for 1 hr.“ 

Resistance to aging in 
dried plant tissues 

48-72 hrs. 

— 

1 or more yrs. 

Less than 10 
days 

Thermal death point 

Probably close 
to 46° 0. 

43° C. 

90° C.d 

7*5° C. 

Filterability through 
coarse Berkefeld 
filter 

Not filterable 

Not filterable 

Filterable 

Filterable 


* Determination by Johnson. 

*> Determination by Allard except as noted. 

* Determination by Doolittle except as noted. 
d Determination by Mulvania. 
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SUMMARY 

(1) The virus of bean mosaic differs in its properties from the viruses 
of tobacco mosaic, cucumber mosaic, and potato-crinkle mosaic. 

(2) The bean-mosaic virus retains its infectiousness for 20-24 hours in 
plant extract, when aged at room temperatures. In diluted juice, the virus 
loses its infectiousness sooner than in nondiluted juice. 

(3) At a dilution of 1-1000 with distilled water, mosaic-plant extract 
gives a low percentage of infection, but at higher dilutions no infection has 
been obtained. 

(4) The virus is inactivated by treatment with 25 per cent alcohol for 
30 minutes and with 75 per cent alcohol for less than 5 minutes. 

(5) The virus is very sensitive to drying in plant tissues, since infection 
was obtained from mosaic seedlings that had been allowed to dry at room 
temperatures for 72 hours. 

(6) The thermal death point of the virus appears to lie between 44° 
and 56° C., probably close to 46° C. 

(7) The virus is able to resist higher temperatures when in the seed 
than in expressed juice. It was not destroyed at temperatures that did not 
destroy the germinating capacity of the seed. 

(8) Freezing apparently does not affect the viability of the virus. 

(9) The virus was not found to pass through any grade of Berkefeld 
filter. 

University op Wisconsin, 

Madison, Wisconsin. 
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REPORT OF THE COTTON-ROOT-ROT CONFERENCE 
AT TEMPLE, TEXAS 

Walter N. Ezekiel and D. C. Neal 


The third annual conference of workers engaged in the study of cotton 
root rot, caused by Phymatotrichum omnivorum (Shear) Duggar, was 
called by Director A. B. Conner of the Texas Agricultural Experiment 
Station at the Kyle Hotel, Temple, Texas, on January 15, 1930. Director 
Conner presided at the morning session and Dr. A. 0. McCall, Chief of 
Soil Investigations, Bureau of Chemistry and Soils, U. S. Department of 
Agriculture, at the afternoon session. The meeting was attended by about 
45 people, 12 of whom were from the U. S. Department of Agriculture, 15 
from the Texas Agricultural Experiment Station, and the remainder 
press representatives and other nontechnical persons interested in the 
problem. Approximately 40 papers were presented; these are summarized 
below in the order of presentation. 

Occurrence, losses .—J. J. Taubenhaus, Texas Agricultural Experiment 
Station, reported that root rot has now been found in 169 counties of Texas 
and that it has been found for the first time in Arkansas. The estimated 
annual aggregate loss caused by the disease in Texas, considering all crops, 
is approximately $100,000,000. Of this, over $60,000,000 is estimated as 
due to the 15 per cent average reduction in yield of cotton. 

New hosts. —S. E. Wolff, Texas Agricultural Experiment Station, 
reported that AUionia lanceolata and Psoralea tenuiflora were found to be 
highly susceptible. One plant of Salvia greggii succumbed to root rot, the 
first instance reported of a mint dying from this disease. Taubenhaus 
summarized tests at College Station in which pomegranate, live oak, and 
one species of liackberry were found resistant; while yaupon and another 
species of hackberry were susceptible. W. J. Bach, Texas Agricultural 
Experiment Station, reported the following new hosts from Weslaco: 
anise, endive, escarole, jacaranda tree ( Jacaranda mimosaefolia ), Schinus 
terebinthifolius, and Zelkova sinica. The Turks-cap hibiscus ( Malvaviscus 
conzattii ( arboreus )) appeared resistant in spite of repeated inoculation. 
This ornamental plant is the only member of the Malvaceae known to be 
resistant to root rot. 

Soil relations. —W. T. Carter, Soil Survey, discussed the distribution 
of root rot in Texas as related to soil types. Paul R. Dawson, Bureau of 
Chemistry and Soils, reported further on field observations in which small 
root-rot areas, occurring in predominantly noninfested fields of Wilson 
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and Irving clay soil, were closely associated with localized spots or streaks 
of shallow soil. These streaks were alkaline, pH 7.4 to 8.3, contained numer¬ 
ous concretions of calcium carbonate, and were very low in organic matter; 
while the noninfested areas were predominantly acid, pH 5.8 to 6.25, free 
of calcium carbonate, and appreciably higher in organic matter. 

MORPHOLOGY AND PHYSIOLOGY OF THE FUNGUS 

Taubenhaus reported studies of spore mats in which direct morphologic 
connections were found between the hyphae bearing the Phymatotrichuin 
conidia aboveground and the typical Ozonium strands on roots below 
ground. 

D. C. Neal, Bureau of Plant Industry, found that in soil cultures con¬ 
taining dextrose, lactose, and corn meal, considerable growth obtained but 
no sclerotia formed. Such competitive organisms as Aspergillus, Penicil- 
lium and Fusarium spp. partially arrested the development of strands of 
P. omnivortim in agar plates inoculated simultaneously. W. N. Ezekiel, 
Texas Agricultural Experiment Station, reported artificial culture of Phy- 
matotrichum omnivorum on purely synthetic media and the production of 
sclerotia in such cultures. 

Temperature, moisture relations. —Neal summarized experiments con¬ 
ducted in cooperation with W. W. Gilbert on the temperature relations of 
P. omnivorum. The minimum, optimum, and maximum temperatures for 
sclerotia formation appear to be 18°, 29°, and 36° C., respectively. B. F. 
Dana, Texas Agricultural Experiment Station, reported that soil tempera¬ 
tures at Temple, Texas, favor root rot from May to October, and that during 
this period the prevalence of the disease varies with soil-moisture conditions. 
Neal found that sclerotia developed in cultures in Wilson clay soil main¬ 
tained at 20 per cent, 30 per cent, and 40 per cent soil moisture on an oven- 
dry-weight basis and that the optimum was between 35 per cent and 40 
per cent. 

Ezekiel reported an experiment planned to explain absence of root rot 
on bottom lands. Roots cut from freshly wilted cotton plants were stored 
in large crocks from which some were removed periodically to test the 
virulence of the Phymatotrichum strands on the** roots by inoculation of 
normal cotton plants. In flooded soil, at room temperature, the fungus 
w r as virulent after three days but not after a week; in moist air, at room 
temperature, for two btt not three weeks; and in moist air in the refrig¬ 
erator,* for three but not four weeks. C. J. King, Bureau of Plant Industry, 
found that 20 per cent of individual sclerotia of P. omnivorum were still 
viable after being immersed in water for 121 days. 
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LIFE HISTORY 

Summer spread. —H. C. McNamara and D. R. Hooton, Bureau of Plant 
Industry, reported that root rot had spread in the fields of the U. S. Cotton 
Breeding Station at Greenville, Texas, an average of about 10 feet a year. 
Maps of the distribution of root rot since 1920 showed that the spots passed 
through cycles of increase culminating in almost complete kill, followed by 
abrupt decreases, often in a single year, to a few scattered areas of infection. 

Winter spread, overwintering .—Taubenliaus presented studies to show 
that root rot spreads, not only in summer, but also on the roots of plants 
during the fall and winter months. Numerous experiments indicate that 
tlie fungus overwinters on infected, live roots of cotton and other susceptible 
plants rather than on decayed roots. 

Sclerotia. —King, who first observed the production of sclerotia in cul¬ 
tures in the laboratory, and Neal reported separate results in which sclero¬ 
tia were still viable in cultures a year old. The production of sclerotia in 
the laboratory in soil-filled containers was discussed by several workers. 
Sclerotia were first found in the field by Neal in May, 1929, and were later 
found by Taubenliaus and Dana. Many primary infections during 1929 
were traced to the sclerotia, particularly in fields that had been in clean 
fallow and in grain rotation during previous years. Neal reported that 
132 sclerotia, of which 90 per cent were still viable, were collected at a 
depth of 18 inches beneath a single cotton plant, a primary infection center 
in a field at San Antonio. Cultures were readily obtained from sclerotia 
collected in the field. Successful inoculations of cotton plants with sclerotia 
were reported by King, Neal, and Taubenliaus. King and Neal obtained 
good infection with cultures of P. omnivorum which had been grown on 
dead plant tissues and other nutrient media 11 and 12 months, respectively, 
prior to the inoculation; and Neal and Taubenhaus obtained infection with 
cultures isolated originally from sclerotia collected in the field. Tauben- 
haus found that the same sclerotia could grow as often as five times after 
the previous growth had been removed. King reported the development 
of a second crop of sclerotia in 4 to 5 months by budding from old clusters 
in cultures of sand and cotton roots that had been buried in the soil during 
the winter months and in similar cultures stored in the laboratory at room 
temperature. Small, individual sclerotia, air-dried at room temperature, 
were no longer viable after about hours. Neal found similarly that 
single sclerotia, dried on filter paper for 6, 32, and 24 hours, respectively, 
at room temperature, w r ere no longer viable. Conglomerate masses of 
sclerotia retained their viability after air drying for 20 hours in a calcium 
chloride desiccator but were killed after three days. Large hyphae in 
conidial mats, collected originally in an alfalfa field, retained their viability 
after air drying in the laboratory 6J months. 
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King described the growth of P. omnivorum in a long glass tube con¬ 
taining sterile moist sand and small deposits of sterile dead cotton plant 
tissues placed at intervals of 2i feet. The strands grew 11 feet in 149 days. 
Sclerotia developed in the strands soon after the terminal growth had 
advanced a few centimeters beyond the first, second, and third deposits of 
root tissues, but none were produced during the last 3 months of growth. 
Live root-rot strands were commonly found on dead tree roots several years 
after the trees had been removed; the roots of date palms and other plants 
penetrating these softened tissues were infected. 

CONTROL EXPERIMENTS 

Soil reaction. —Continued studies at the Texas Agricultural Experiment 
Station on the effect of soil reaction on root rot were summarized by Ezekiel. 
In a number of inoculation experiments, there were higher percentages of 
infection, higher percentages of plants killed, and a shorter average interval 
between inoculation and wilting in alkaline or neutral soils than in acid 
soil. Root rot was not controlled by acidification of the surface layer of 
soil, only. 6. S. Fraps, Texas Agricultural Experiment Station, men¬ 
tioned the development of a method by which the amount of acid necessary 
to change the soil to a desired degree of acidity may be determined. H. E. 
Rea, of the same station, reported field tests with sulphur in which root rot 
was partially controlled by high rates of application; however, there was 
considerable acid injury to cotton. 

Rotation and clean-culture experiments were summarized by H. Dunlavy 
and Rea, of Texas, and McNamara and Hooton, and G. T. Ratliffe and 
I. M. Atkins, Bureau of Plant Industry. The results of these experiments 
were somewhat erratic. Clean tillage or rotation with nonsusceptible crops 
for one year resulted in occasional control, while two and three years of 
similar treatment have in some cases appreciably reduced infection. 

Subsoiling experiments conducted independently by a number of inves¬ 
tigators (Dawson, Dunlavy, McNamara, Neal, and Ratliffe and Atkins) 
yielded promising results in 1929. In most cases there was less root rot 
on subsoiled land than in adjoining check plots. 

Fertilizer experiments in the black-land regioi of central Texas were 
reported by Dawson and H. V. Jordan, Bureau of Chemistry and Soils. 
In general, significant increases in yield resulted from the application of 
mixtures containing the higher proportions of phosphate together with 
some nitrogen, although in some instances the greatest response was to the 
higher proportions of nitrogen in the presence of phosphate. The increases 
in yield were in sotae cases in excess of 75 per cent and counterbalanced 
losses due to root *st. In several experiments, phosphatic fertilizers hast- 
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ened maturity; the yields were increased as bolls matured before the plants 
were killed by root rot. 

Soil disinfectants .—King found that 1 per cent Formalin solution and 
2 per cent cresylic acid were effective in checking the spread of the fungus 
in small isolated spots in alfalfa fields, but, in a few cases, infection reap¬ 
peared in later years. The incidence and extent of infection were reduced 
in infested areas, flooded with these solutions before cotton was planted. 
Several small spots of root rot appeared late in the season and indicated 
failure of the treatment to destroy all sources of infection. Dana reported 
unsuccessful results from repeated treatments with formaldehyde in field 
plots. Applications of Semesan around shrubs in root-rot areas gave par¬ 
tial control. Bach obtained good results with copper sulphate solutions 
applied around citrus, grapes, and ornamentals. 

Ezekiel described a laboratory method of preliminary comparison of soil 
disinfectants in soil chambers. The disinfectants are mixed with moist soil, 
placed in jars with inoculum in the center of some jars and next to the glass 
walls of other jars, and the extent of growth from the inoculum is then 
noted. 

King prevented the germination of sclerotia by moistening them 45 min¬ 
utes in 1 per cent Formalin solution. Neal reported that sclerotia im¬ 
mersed for 25 minutes in 0.5 per cent solutions of various disinfectants were 
still viable; Semesan reduced the viability to 13 per cent; while immersion 
in a 1:1000 solution of bichloride of mercury for the same time reduced the 
viability to 27 per cent. After exposure of sclerotia for 50 minutes to 0.5 
per cent solutions of copper sulphate and chloroplienol-nitrophenol-mercury 
solutions, the viability was still 60 per cent and 87 per cent, respectively. 

Resistant varieties. —Rea, Dana, and Dunlavy reported that, during the 
last three years, 11,000 varieties and strains of cotton have been tested at 
the Blackland Substation for resistance to root rot, and all have been elimi¬ 
nated as susceptible except 41 strains w'hich are still under test. Bach 
tested 104 varieties of grapes and 12 rootstocks over a period of three years. 
The Champenel, Mustang, and Black Spanish appear resistant; and T it is 
Champini offers promise as a rootstock. Of the citrus tested, the Sour 
Orange rootstock appears highly resistant; the Cleopatra orange and Citrus 
trifoliata are very susceptible; and Rusk Citrange, Thomasville Citrange- 
quat, and Ichan Lemon have also died from the disease. 

Texas Agricultural Experiment Station, 

College Station, Texas, 
and 

TT. s. Department of Agriculture, Bureau of Plant 
Industry, Greenville, Texas. 
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ATTEMPTS TO INDUCE 4 4 MIXOCHIM AERA 9 9 IN 
FUSARIUM MON1LIFORME 1 

Leon H. Leoniak 

Brierly 2 suggests that one of the underlying causes of sectorial segrega¬ 
tions among the colonies of bacteria and fungi may be traced to the possible 
phenomenon of “mixochimaera” whereby germ tubes and hyphae of dif¬ 
ferent strains, varieties, and even species are supposed to fuse and give 
rise to mycelial threads containing cytoplasm and nuclei of distinct types. 
He suggests that 4 4 it is by no means impossible in view of the characteristic 
methods of hyphal growth and direct conidial abstriction, that new strains 
or types of fungi might arise. . . . ” If one accepts the possibility of 
mixochimaera, one would be justified in assuming that a mixture and a 
partial or total fusion between the protoplasms of different strains or 
species would be capable of inducing some interesting and radical devia¬ 
tions from the parental types. With this idea in view, the writer under¬ 
took to demonstrate the possibility of synthesizing some new strains of 
Fusarium moniliforme by artificially associating distinctly different strains 
in petri-dish cultures. 

ORGANISMS AND TECHNIQUE 

A single-spore culture of a strain of F. monilifonne with which the 
writer has worked for the last two years has exhibited an extremely plastic 
nature by dissociating into more than twenty-five readily recognizable 
variants, not to mention scores of minor ones. In common with other dis¬ 
sociative types, some of these variants have remained fairly constant. 
Others fluctuate much and give rise either to complex colonies of newer 
variants or revert to the older types. Variant XII, being a stable form and 
having shown no marked deviation from type during the course of a very 
intensive cultural study, was selected as one of the experimental organisms. 
When grown on a nutrient agar consisting of T> grains of peptone, 20 grams 
of dextrose, 1 gram each of dihydrogen potassium phosphate and magne¬ 
sium sulphate, 20 grams of agar agar, and 1,000 cc. of distilled water, this 
organism forms a bright purple colony with scanty or no aerial hyphae. 
The second experimental organism was selected not from the foregoing 
variants but from another group of variants, the original of which was 
isolated from a totally different source. When grown on the same nutrient 

i Approved by the director of West Virginia Agricultural Experiment Station as 
Scientific Paper No. 87. 

* Brierly, William B. Variation in fungi and bacteria, Proc. Tnt. Cong. PI. Sei. 
1926, 2: 1629-1654. 1929. 
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agar, this strain forms an orange-color colony with rather short but 
abundant aerial hyphae of an orange hue. During two years, when this 
organism was kept under constant observation, it demonstrated a remark¬ 
able constancy of behavior. The purple organism has been termed type A 
and the orange form type B. 

All cultural work was done with petri dishes, as test-tube cultures are 
highly unsatisfactory and often misleading in a study of sectorial behavior. 
All plates were 15 mm. deep and 100 mm. in diameter and contained 15 cc. 
of the nutrient agar described above. Hundreds of such plates were pre¬ 
pared and inoculated with types A and B. In some, the hyphae of the two 
types were planted together; in others, spore suspensions of the two were 
deposited in the center of the plate. In still others, agar cultures of the 
two types were ground together into a paste, then a portion of the paste 
was'planted in the dish. 

RESULTS 

In nearly every case a complex colony consisting of mixtures of types 
A and B was the result. The two types were differentiated either at the 
very beginning of the young colony, where the purple and the orange 
growth sharply separated into sectors, or an apparently pure colony of 
either A or B type developed. However, after assuming a diameter of 
30-40 millimeters it gave rise to a sector of the other type. Just how a 
purple mycelium was masked by an orange colony or an orange mycelium 
masked by a pprple one and just how it broke loose to form a sector con¬ 
sisting of a pure culture of only one type are not clear. 

Mixed plantings often showed another behavior: type A, of slower 
growth habit, was sometimes left behind by the orange form, thus appear¬ 
ing as a purple blotch in the center of the plate. Transfers made from the 
outermost edge of the orange colony always gave rise to pure orange colo¬ 
nies. In no case did the masking effect of one or the other type extend 
beyond the young colony. By the time the outermost growth reached the 
edges of the culture dish, it was found to consist of either one or the other 
type only; it seems that the mixed growth cannot continue indefinitely. 
Sooner or later the two organisms must separate.^ 

Hundreds of cultures invariably showed this to be the case. Even 
when, some of the most outstanding of the 25 variants were associated 
together in various combinations, again there was a sharp sectorial differ¬ 
entiation despite the fact that all of these 25 originally came from the same 
single spore. The same thing was found to be true when type B was asso¬ 
ciated with other species of Fusarium, such as F. culmorum, F. herbarum 
gibberaUmdes, etc. * 
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Fio. 1. Association of type A, upper right, and type B, upper left, with the result¬ 
ing changes for three generations, as indicated by arrows. In the first-generation cul¬ 
ture, second row, type A has been completely masked and suppressed by the more 
rapidly growing colony of type B. 

In hundreds of cultures in which types A and B were associated, a 
new type of growth was observed at four different times. This was imme¬ 
diately isolated. This new type, described here as type C, resembled 
neither type A nor B but seemed to be an intermediate between the two. 
The young colonies were orange in color, thus resembling type B, but pos¬ 
sessed no aerial mycelium, a characteristic of type A. As the colony grew 
older, it changed into a burnt orange, then purplish orange, and then nearly 
pure purple, not easily distinguished from type A. Upon growing still 
older, an orange-color aerial mycelium, exactly like that of type B, began 
to form all over the surface of the colony. Transfers made from this orange 
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mycelium, however, gave rise to type C colonies, only. The submerged 
mycelium of type C was found to be tenacious, yielding to the needle with 
difficulty; this holds true in case of type A, whereas type B has no tenacity 
and yields to the needle with great ease. 

Young colonies of type A form macroconidia in great abundance and 
microconidia in comparatively scant numbers. Type B forms microconidia 
in great abundance and very few macroconidia after the colony is quite 
old. Very young colonies of type C form an abundance of microconidia 
and a few macroconidia, but, as they grow older, macroconidia appear in 
great numbers. One hundred single-spore isolations were made from, this 
type, and in every case a pure colony of type C was formed. Circumstan¬ 
tial evidence thus pointed to a possible fusion between types A and B, 
giving rise to an intermediate form, type C. The only alternative was a 
possible dissociation of either type A or B and the formation of the 
new type. * 

While the remarkably intermediate habit of the new type at first 
seemed to exclude such a possibility, yet the writer’s faith in a possible 
mixochimaera began to wane when the behavior of these strains on a dif¬ 
ferent nutrient medium was observed. This medium consisted of the fol¬ 
lowing ingredients: Dry malt extract 10 grams, dextrose 10 grams, potas¬ 
sium nitrate 2 grams, 1 gram each of dihydrogen potassium phosphate and 
magnesium sulphate, 20 grams of agar agar, and 1,000 cc. of distilled 
water. 

On this agar type A was almost colorless, showing only very faint zones 
of lavender. Type B was orange, as usual, but type C was a deep blue 
green. Whence came this color? A mixture of orange and purple does 
not give such a shade. Since a mere physical mixture of the protoplasms, 
of nuclei or of fractions of nuclei of types A and B could not yield this 
blue green shade there could be only two explanations for such a behavior: 
First, that either type A or B dissociated to give rise to type C and, second, 
that there was an actual fusion and recombination of nuclear materials of 
A and B. Such an explanation could rest only upon the bold and unsup¬ 
ported hypothesis that a sort of amorphous sexuality was operative in 
these fungi. j 

Although the appearance of this blue green pigment rendered the possi¬ 
bility of mixochimaera rather remote, it was deemed advisable, nevertheless, 
to attack the problem with the hypothesis of mixochimaera as a basis. It 
was reasoned that if type C represented a more or less mechanical mixture 
of types A and B, a differential growth factor would serve to suppress o> 
elifainate 4 one of the two types and allow one of them to grow. Such 
oxidizing <fc toxic agents as potassium permanganate, potassium dichromate, 
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silver nitrate, mercuric chloride, and Semesan were employed to split the 
possible mixochimaeral union. The three types of organisms were grown 
in a nutrient solution consisting of 10 grams each of dry malt extract and 
dextrose, 1 gram each of dihydrogen potassium phosphate and magnesium 
sulphate, 2 grams of potassium nitrate, and 1,000 cc. of distilled water. 
Five cc. of this solution was poured in each test tube, sterilized, and in¬ 
oculated. 

After seven days’ incubation at 25° C. a good mycelial mat was formed 
on the surface of the solution. These mats were removed and washed in 
three changes of sterile distilled water and transferred to a series of solu¬ 
tions consisting of 0.5 per cent of potassium permanganate, 0.075 per cent 
of Semesan, and 0.02 per cent each of silver nitrate, potassium dichromate, 
and bichloride of mercury. An hour later they were transferred to another 
series of corresponding solutions with 5 cc. of the solution in each glass 
capsule of 25 cc. capacity. Such a double transfer served to reduce the 
amount of distilled water held by the mycelial mat to a negligible quantity. 
These cultures were set aside and examined from day to day. 

Rather unexpected results followed: The potassium permanganate solu¬ 
tion was reduced by all three types within less than a day, and new hyphae 
appeared and grew’ into the solution. Growth took place in all other solu¬ 
tions as well, new r hyphae not only appearing over the surface of the 
mycelial mat but growing out into the solution of pure bichloride of mer¬ 
cury and similar toxic substances of relatively high concentration. The 
work w T as repeated a number of times with similar results, except that 
type A sometimes failed to grow even after being transferred back to a 
fresh supply of the nutrient solution. However, since this behavior was 
not constant, no reliance could be placed on the effect of differential growth 
on the splitting of the hypothetical mixochimaera. 

In order to see if such drastic treatment exerted any effect on the char¬ 
acteristics of the three types, transfers of the new growrths were made from 
these toxic solutions to plates of nutrient agar. When colonies began to 
form, type A retained its characteristic in all of the cultures, while some of 
the cultures of type B split into a complex colony consisting of types B 
and C, and type C also formed a complex colony consisting of types B and 
C. These results eliminated any possibility of mixochimaeral phenomenon 
and conclusively demonstrated that type C was a dissoeiant of type B. 

At this stage of the work it seemed that the effect of oxidizing agents or 
toxic substances enhanced dissociation. However, the writer always has 
maintained that, aside from the so-called unfavorable environmental con¬ 
ditions and stimuli of various types, other factors also may be responsible 
for the appearance of dissociative phases in the cyclogeny of fungi, such as 
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Fig. 2. Type C dissociating into type B (left) ; type B dissociating into type C (right). 

the masking effect of different food substances, periodicity in the life cycle 
of organisms, and also chance and the personal-equation factors. 

If one is doing an intensive cultural work with a given organism and is 
persistently watching for sectorial differentiations in growing colonies, one 
is more apt to detect and isolate dissociative phases. Because the writer 
assumed, to begin with, that type C resulted from the association of types 
A and B, his attention was centered upon an intensive study of the associa¬ 
tion of these two types. Had he made as many cultures of type B alone, 
he would have obtained type C as frequently and maybe more so. 

In order to demonstrate this, a large number of transfers were made 
from the original culture of type B not only to the standard agar used in 
this work but to a number of others as well. Within a week a number of 
complex colonies consisting of types B and C resulted on all of the agars. 
This is by no means an unusual behavior, as similar instances of periodicity 
have been observed by the writer both in Fusarium and Phytophthora 
species. While it is not possible sharply or even approximately to delimit 
the chance factor from the periodicity factor, it is safe to assume that both 
are present and active. Intensive cultural work extending over a long 
period of time is necessary for the proper unraveling of all possible dis¬ 
sociative phases of a given organism. 

conclusions 

It is concluded that, in so far as the organisms and the conditions de¬ 
scribed in this paper are concerned, mixochimaera is not a factor in dis¬ 
sociation « phenomena A mere mixture of protoplasms cannot give rise 
to new efcjkracteristioR. unless there he a sexual nhenomenon involved, be- 
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cause each nucleus will behave as a unit and will develop its own character¬ 
istics. Wherever there is a sexual attraction and fusion, sexually formed 
reproductive bodies result and differentiate this type of behavior from 
dissociation phenomena. If one were to subscribe to the possibility of 
the occurrence of mixocliimaera, one would then be prepared to witness 
all sorts of bizarre combinations. An intensive study of dissociants re¬ 
veals the fact that, despite all deviations from the “normal’’ orbit of a 
given species, all of its dissociants retain a remarkable continuity of kin¬ 
ship. Their departures are all normal variations, appearing as “abnor¬ 
mal” or “new” to us because of our ignorance concerning the potentialities 
of the species. Hyphal fusions may occur between different strains, spe¬ 
cies, and even genera, but, if anything like mixochimaera could result and 
if more intimate fusions could follow, taxonomy would be infinitely more 
chaotic than it is to-day. 

University op West Virginia, 

Morgantown, W. Va. 




TO WHAT EXTENT IS “SPRAY BURN” OF APPLE FRUIT 
CAUSED BY THE FREEZING OF THE FLOWERS? 

L. H. MacDa NIELS AND A. J. Heinicke 


On May 14, 1928, in the Cornell University orchard at Ithaca, New 
York, the temperature fell to 24 degrees F. for a short time during the 
night. On this date most apple varieties were in the early stages of bloom 
with about half of the blossoms open. In examining the closed flowers 
to see if they had been seriously damaged, the petals were pulled off to 
expose the pistils. In many cases in trying to remove the petals the outer 
layer or layers of cells on the entire ovary and upper part of the pedicel 
slipped off, adhering to the perianth. A considerable number of varieties 
were examined and this condition was found in practically all. The styles 
of many of the flowers an ere reddish brown but the stigmas and the young 
ovules were apparently uninjured. It seemed as if sufficient injury had 
taken place almost to eliminate the crop. Contrary to expectations, how¬ 
ever, good crops were harvested with most varieties. 



Fig. 1. Busaeting of apples apparently caused by lov temperature in the Cornell Uni¬ 
versity orchard at Ithaca, N. V., 1928. 


During the summer and fall of 1928, it was observed that the fruit of 
nearly all varieties showed conspicuous russeting. The fruits shown in 
figure 1 illustrate the nature of this injury on the varieties Baldwin, 
Tompkins King, McIntosh, and Jonathan. During this season, russeting 
of a similar appearance was general throughout New York, particularly in 
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the Hudson Valley and in New England, it being much severer than usual. 
In most instances, growers attributed the injury to “spray burn.” 
Although this may have been a contributing cause, it could not have been the 
only cause, for the injury was observed in orchards that had not been 
sprayed throughout the season. Further, nearly all varieties showed the 
injury this season. This was very unusual, as russeting from sprays is 
ordinarily confined to susceptible varieties, such as Baldwin and Ben Davis. 
It would, therefore, seem logical to suppose that the injury had been caused 
by the unusual cold of May 14. 

In the spring of 1929 the temperature in the Cornell University orchard 
dropped to 29° F. on May 10 before any blossoms were open. On May 
17, during the early stages of bloom, it fell to 31° F. Although some blos¬ 
soms showed a little slipping of the epidermis, the injury was not frequent. 
During the season some netted russeting appeared in this orchard on 
Winter Banana and Baldwin, but not on other varieties. This lack of 
injury from freezing was to be expected, as 29° F. is known not to be a 
critical killing temperature for apple tissues. The 1929 observations thus 
tend to confirm the idea that the injury in 1928 was due to the low tem¬ 
perature prevalent while the trees were in blossom. 

Spray burn often comes about through the application of spray material 
under unfavorable conditions. It is well known that lime sulphur applied 
at high temperatures is likely to cause the russeting characteristic of this 
injury (Heald, 1 p. 218) and that Bordeaux mixture applied at lower tem¬ 
peratures may have the same result (Heald, 1 p. 211). 

Under some conditions, however, russeting is known to be produced by 
late spring freezes or frosts occurring after petal fall, entirely apart from 
the common forms of spray injury (Heald, 1 p. 151). Most growers are 
familiar with the frost bands or rings in which a band of russet extends 
around the fruit either at the calyx end or sometimes midway between calyx 
and base. This frost ring may be bulged out by the hypertrophy of the 
cells in that region or, again, the ring may be somewhat sunken. Not in¬ 
frequently, however, russeting cgQfted by freezing injury is much more dif¬ 
fuse and may cover the entire apple with a network of russet lines, as indi¬ 
cated in figure 1. In the season of 1928 this type of injury was clearly 
associated with freezing before the flowers opened. Such injury is difficult 
or impossible to distinguish from the real spray burn and this has led to a 
misunderstanding of the spray burn problem, in general. 

It is entirely conceivable that russeting due to freezing may be caused 
by cold occurring even earlier than that reported in 1928 or shortly after 
the buds begin to swell. It is of interest also in this connection, that hardy 

* Heald, F. D. I^^nual of Plaat Diseases. McGraw-Hill, New York. 1926. 
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varieties, such as Northern Spy and McIntosh, are less susceptible to rus- 
seting at Ithaca than are the recognizedly more tender sorts, such as Bald¬ 
win and Ben Davis. 



the russet area. 

The histological nature of this injury is shown in figure 2, which repre¬ 
sents a section through the edge of the russeted area on a fruit of Tompkins 
County King. At A is shown the normal cuticle and epidermis with nor¬ 
mal fruit structure underneath. At B the normal epidermis has been 
destroyed and the surface covered with cork formed by the cork cambium 
C. It is probable that the lesion is due to the lethal freezing of epidermal 
cells or those near the epidermis and that the wound has been corked over 
by the activity of a periderm layer formed in living cells beneath the in¬ 
jured tissue. It will be noted that the fruit cells underneath the periderm 
are somewhat abnormal and apparently have arisen from the proliferation 
of the parenchyma beneath the injury. 

The question as to why the injury occurred in a rather localized man¬ 
ner in some fruits and diffusely on others is difficult to explain. With a 
diffuse or net-like lesion it is probable that there were slight differences in 
the killing temperatures of the cells of the epidermis or other tissues 
affected and that the temperature dropped to a critical point where some 
cells survived and others did not. Where the russeting is localized in a 
continuous patch, it may be that the cells in that area were frozen to death 
because exposure to wind actually cooled them to a point lower than that 
of the uninjured parts of the epidermis or other uninjured and adjacent 
tissues. There is little evidence that sunlight on the frozen tissue would 
aggravate the injury either by more rapid thawing or by desiccation 
(Chandler). 2 

2 Chandler, W. H. Fruit Growing, Chapter 21. Houghton Mifflin, New York. 
1925. 
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It is not improbable that russeting from frost injury is aggravated or 
increased by the application of spray materials, which penetrate and injure 
the already damaged tissues more than would be possible if the frost injury 
were not present. This, however, needs further confirmation. 

There are observations in the Cornell orchard to indicate that the na¬ 
ture of the russeting may depend on the stage of development of the young 
fruit or flowers at the time of the freeze. Where the freeze occurs before 
the flowers of the blossoming clusters separate, the injury has been observed 
to be confined to the definite sectors of the fruit, touching each other at that 
time. Contact of the young ovaries of the blossoms with each other or 
adjacent leaves may also have something to do with the frost rings that are 
frequently formed. 

Certainly, the whole matter of the relation of freezing to russeting is 
not well understood. The purpose of this paper is merely to put on record 
observations that may corroborate the experience of others and lead to a 
better understanding of the whole problem, particularly as it concerns rus¬ 
seting caused by freezing at the time of blossoming or before, rather than 
after, the petals fall. 

Department op Pomology, 

Cornell University, 

Ithaca, N. Y. 



WHEAT TAKE-ALL SYMPTOMS COMPARED WITH INJURIES 
CAUSED BY CHINCH BUGS 1 

Hukle\ Fellows^ 

INTRODUCTION 

In that portion of the United States where both take-all (Ophiobolus 
graminis Sacc.) and chinch bugs (Blissus leucopterus) are present, there 
is doubt sometimes as to which has caused the evident injury in some wheat 
fields. Both pathologists and entomologists have experienced difficulty in 
distinguishing between these maladies. It is much more difficult to tell the 



Fio. 1. An experimental plot where most of the wheat plants had been killed by take- 
all and chinch bugs. In such cases detailed examinations of individual 
plants are necessary for proper diagnoses. 

1 Contribution No. 296 from the Department of Botany and Plant Pathology, Kan¬ 
sas State Agricultural College, in cooperation with the Office of Cereal Crops and Dis¬ 
eases, Bureau of Plant Industry, U. S. Department of Agriculture. 

2 Associate Pathologist, Office of Cereal Crops and Diseases, Bureau of Plant In¬ 
dustry, U. S. Department of Agriculture. 
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difference when both take-all and chinch bugs (Fig. 1) are present in the 
same wheat field. The present paper attempts to make clear the similari¬ 
ties and differences. 

METHOD 

Chinch bugs vere caged with wheat plants growing in pots containing 
soil known to be free from the fungus causing take-all. The chinch bugs 
were allowed to feed until the plants were killed. This made it possible to 
observe the chinch-bug damage at all stages. Wheat plants were grown 
also in pots containing soil infected with Ophiobolus graminis . 

In the field the chinch bugs were induced to congregate in the imme¬ 
diate vicinity of a wheat plot by spreading thin layers of straw for protec¬ 
tion. In the spring, after the chinch bugs started migrating, cold periods 
made them seek the straw in large numbers. When warm weather came, 
they were present in multitudes to feed on the wheat plants. 

COMPARISON OF SYMPTOMS 

The similarity between the symptoms of the injuries caused by the two 
parasites is mostly in the general behavior of the wheat plants attacked. 
Wilting, browning, and final death of the leaves occur in both cases. This 
no doubt is due to the somewhat similar action of the parasites. The writer 
has shown that Ophiobolus graminis disintegrates both the phloem and the 
conjunctive tissue 3 of the wheat plant. Painter has pointed out that in 
corn, milo, and sorghum the chinch bug feeds chiefly on the contents of the 
phloem. He has shown also that the phloem often is plugged with special 
deposits of plant materials 4 and that these form a sheath around the wounds 
produced by the stylets of the chinch bugs. However, chinch bugs feed 
chiefly on the phloem in the leaf sheaths; whereas, O. graminis invades pri¬ 
mary and secondary roots, subcoronal internode, crown, leaf sheath, and 
culm tissues. In the case of take-all, the occurrence of the fungus on other 
tissues as well as on the leaf sheaths is good proof of the cause of the injury. 

Both take-all and chinch-bug injuries often occur in spots in the field. 
Chinch bugs are gregarious and apparently prefer to feed in more or less 
open spots wh^re stands are thin. Take-all spots, however, may and often 
do occur in the interior portion of fields with very4ieavy stands. Further¬ 
more, take-all spots have a very distinct margin: that is, there is a sudden 
transition from the short diseased plants in the spot to the surrounding 
healthy plants of normal height. Chinch bugs cause a more gradual tran¬ 
sition at the margin of spots. 

* 8 Fellows, Harley, Some chemical and morphological phenomena attending infec¬ 
tion of the^ wheat plant by Ophiobolus graminis. Jour. Agr. Ees. 37: 647-661. 1928. 

* Painter, 1$. H. Ijotes on the^injury to plant cells by chinch bug feeding. Ann. 
of But. Soc. America 232-2*2. 1928. 



1930] 


Fellows: Wheat Injuries 


909 



Fig. 2 . Bases of wheat culms. A and B, killed by chinch bugs; C-H, killed by take- 
all. A, (% I), and E have the lower leaf sheaths removed, 
whereas the others ha\e not. 


For a reliable determination of the agent responsible for the injury, 
entire individual plants should be examined. Wheat plants attacked by 
chinch bugs have a good root system free of lesions. They also tiller veil. 
If any discoloration occurs at the bases of the culms, it is of a brownish 
tinge; but it is only in the advanced stages of injury that any discolorations 
appear. On the other hand, the take-all fungus invades the crown, hinders 
the original formation of roots, and causes those that are formed to become 
black and brittle. The bases of the culms become black and shining. Then, 
too, there often is a mycelial plate on the surface of the lower culm, never 
present on plants injured only by chinch bugs (Fig. 2). It also has been 
shown by various authors that tillering is materially reduced following in¬ 
vasion by Ophiobolus graminis. 

State Agricultural College, 

Manhattan, Kansas. 



A WASHING DEVICE FOR ISOLATION WORK WITH 
PLANT MATERIAL 

P. M. SlMMONDS 

An efficient device for washing pieces of plant tissue and seeds from 
which isolations are to be made has been devised and used, with quite satis¬ 
factory results, by the Dominion Plant Pathological Laboratory, Saskatoon, 
for the past two years. The isolations were chiefly for fungi. It has 
proved especially useful in making isolations from cereal grains. The 
usual practice when making such isolations has been to surface sterilize the 
plant fragments with solutions of bichloride of mercury, silver nitrate, or 
other chemical. With the device herein described, the pieces may be 
washed thoroughly with sterile water and plated immediately. Most work¬ 
ers have noticed that where poisons are used the growth from the isolation 
pieces is greatly retarded. Furthermore, it is just about impossible to use 
a poison on such delicate tissues as fine rootlets, etc., for, in such cases, the 
desired fungus may be killed outright. By washing with sterile water 
these disadvantages disappear, growth is rapid, and isolations are more 
readily obtained. 

In the writer’s studies many isolations were made from the fine rootlets 
of cereals. In using this device an increase in isolations of 100 per cent 
over the bichloride of mercury method was often obtained. Almost invari¬ 
ably there was an increase in fungi secured as well as more rapid growth. 
At times, when isolations w*ere attempted from material that was not fresh 
or that was coated by much foreign matter, black and blue molds ap¬ 
peared. Black molds w ere most troublesome because of their rapid growth. 
In such cases this difficulty was largely overcome by promptly making sub¬ 
cultures. Washing a large number of pieces by means of a wash bottle or 
by rinsing becomes very tedious and laborious. The apparatus here de¬ 
scribed can wash a large number of pieces thoroughly and rapidly. 

The general set-up of the apparatus is indicated in figure 1. A two litre 
flask, A, is fitted with a glass tube which passes through a cotton plug to 
connect at E. When disconnected the end of this tube may be protected 
by a cotton plug either wrapped or tied for security. A flask so fitted and 
filled with distilled water can be sterilized readily. Several such reserve 
flasks are kept on hand. B is a funnel plugged with absorbent cotton and 
serves as an air filter. A small, wide-mouth 100 c.c. flask, C, fitted through 
a rubber stopper with tw^o aeration tubes, as shown, serves as washer, while 
flask D, connected with an ordinary filter pump at P, collects the water 
drawn through the apparatus. Flask C is held in place by means of swivel 
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Fia. 1. A washing device for use in making isolations of fungi from plant material. 

A description is given in the text. (Drawn by G. Verbeke.) 

clamp R and so can be inverted readily. A three-way stopcock, H, is used 
to control the water and air intake. Pinch cocks are used at J and K. 

To use the washer, flask C is disconnected at J and K and taken from 
the clamp. The stopper is removed and the pieces of tissue or seeds to be 
washed are placed therein, after which the flask is replaced and connected. 
Pinchcocks at J and K are then released, the pump is started, and the stop¬ 
cock at H is adjusted so as to allow water to be drawn into C. When the 
flask is full, H is again adjusted so as to close off the water intake but to 
permit air to enter through B. This will subject the material in flask C 
to thorough agitation. After this has continued for a minute or so and 
the water has decreased slightly as some is sucked over, flask C is inverted. 
The water is then drawn off into flask D through the aeration tube which 
extends to the bottom of flask C. The swivel clamp permits this movement 
without difficulty. After the water is drawn off the flask is returned to its 
former position, the air is closed off, and the water allowed to enter as be¬ 
fore. Then the water is stopped and air introduced for agitation and so 
on. This rinsing or washing may be continued a* many times as desirable. 
Experience quickly teaches when the process is complete. At the end of 
the process enough water is drawn into C to float or cover the material, 
then pinchcoek K is closed, the pump is turned off, and pinchcock J is 
closed^ This procedure prevents any back pressure. Flask C is now dis¬ 
connected at J and K, using these pinchcocks and rubber tubing to cldse 
the ends of the aeration tubes. The material may then be removed with 
sterile fUrceps un$er ordinary aseptic conditions. By having several 
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washer flasks fitted up one man can be plating while another is manipu¬ 
lating the apparatus. Thus a large number of pieces can be plated in a 
relatively short time. 

It should be mentioned that when the washing is in progress flask C 
may need to be shaken at times to remove material that may lodge against 
the outlet aeration tube. The holes in these tubes are not always small 
enough to prevent very fine material from passing through; in such cases 
<a fine-mesh copper wire screen can be sealed into the ends of ordinary glass 
tubes to replace the aeration tubes. Other adaptations may be made, de¬ 
pending upon the circumstances. 

If a three-way stopcock is not available, an ordinary Y connection may 
be employed by the proper manipulation of pinchcocks at E and F. The 
material should be washed under the tap as cleanly as possible before cut¬ 
ting it up into the pieces from which isolations are to be made. 

Dominion Laboratory of Plant Pathology, 

University of Saskatchewan, 

Saskatoon, Sask., Canada. 




SMUT RESISTANCE IN MILLET 
R. H. Porter,’ H. K. Chen, and T. F. Yu 


In previous papers 2 ' 6 the writers mentioned the seriousness of kernel 
smut of millet (Ustilago crameri (Korn)) in north China. In the summer 
of 1925, while inspecting some cooperative experimental plots in the prov¬ 
inces of Honan and Shantung, the senior writer made a number of head 
selections from a millet field near Wiehsien, Shantung, and at the same 
time he secured from Mr. E. J. Middleton, at Kaifeng, seed samples of a 
number of millet varieties and selections. 

In the spring of 1926 an experiment was planned to test the reaction 
of these selections and varieties of millet to kernel smut. About 700 head 
selections and 57 other samples, some of which were varieties, were included 
in this first test. Seed of each sample was inoculated with smut spores by 
means of a tea strainer in which the seed and smut powder were mixed 
together. After the smut was strained through the sieve, the seed was 
placed in an envelope to be used later for planting. 

The inoculated seed was measured out in approximately 3-gram sam¬ 
ples and planted in rows 5 feet long with a foot between each row. Every 
tenth row was planted with inoculated seed of a common susceptible 
variety as a check. Unfortunately this seed used for the check was not 
viable, so that no readings could be made, but the percentage of smut was 
so high in most of the selections that there w r as no question about the effec¬ 
tiveness of the method of inoculation. Records on all of the rows were not 
preserved for 1926, because the smut infection ran as high as 70 per cent 
in some cases and these selections were discarded. The inoculum used in 
1926 and in subsequent years was gathered from smutted heads in a field 
at Weihsien, Shantung, in 1925. All plantings were made on the experi¬ 
mental plots of the University of Nanking, Nanking, China. 

In the succeeding years, some slight variation in the method of planting 
was made; for example, in 1927 and 1928, the rows were 8 feet and 16 feet 
long, respectively, and each plot was duplicated and planted in a different 
location. In 1929 only the most promising selections were included and 
each sample was replicated 10 times in rows 16 feet long. In addition, 19 
of these selections were planted in the greenhouse in rows 1^ feet long. The 

1 At the time these investigations were initiated, the senior writer was Plant 
Pathologist at the University of Nanking, Nanking, China. 

2 Porter, R. H. Reed disinfectants for the control of kernel smut of foxtail millet. 
Proc. 3rd Pan-Pac. Sci. Cong., Tokio. Pp. 2103-2107. 1926. 

3 Porter, R. H., T. F. Yu, and H. K. Chen. The effect of seed disinfectants on 
‘Smut and on yield of millet. Phvtopath. 18: 911-919. 1928. 
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planting dates were: June 23, 1926; June 22, 1927; June 20, 1928; and 
June 14, 1929. The results of the four-year test are presented in table 1, 
in which both resistant and susceptible strains are listed for purposes of 
comparison. 

TABLE 1 .—Reaction of varieties and strains of nutlet to Kernel smut caused by 

Vstilago crameri 


Nanking 

No. 

Average per eeht smut 

Source 

No. 

1926 

1927 

1928 

1929 

Field 

Field 

Field 

Field 

Green¬ 

house 

2 

0 

0 

0 



Shansi 

3 

3 

0 

8.2 

45.5 



Kaifeng 3 

6 

Trace 

0.9 

3.8 

1.7 

4.8 

(( 

16 

9 

Trace 

0.9 

1.2 

2.7 

10.0 

i i 

20 

12 

0 

0 

0 

0.3 

0 

( i 

23 

13 

0 

0 

1.4 



< ( 

24 

16 

0 

0 

0 

7.6 

0 

< < 

27 

17 

0 

0 

0 

3.1 

0 

(t 

28 

18 

0 

0 

0 

0.1 

0 

t ( 

29 

19 

0 

0 

0.4 

0 

0 

i i 

30 

20 


0 

27.4 



( l 

31a 

26 

0 

0 

0 

0.1 

0 

< ( 

31b 

28 

Trace 

0 

0.9 

2.7 

0 

t t 

41 

29 

Trace 

0.3 

2.0 

1.5 

0 

11 

43 

30 

0 

0 

2.1 

0.1 

0 

t t 

44 

31 

0 

0 

0 

0.3 

0 

< i 

45 

35 

0 

0.2 

0 

0.2 

0 

tt 

49 

37 

0 

0 

0 

1.7 

0 

( t 

51 

38 

Trace 

0.2 

0 

1.8 


< ( 

52 

39 

0 

2.7 

9.7 



i i 

53 

42 


22.7 

26.3 



(t 

56 

45 

0 

0 

4.2 



a 

59 

47 

0 

0 

0 

0 

0 

(< 

61a 

48 


0 

7.6 



a 

61b 

53 


3.6 

16.9 



ti 

72 

56 

0 

0 

0 

1.2 

0 

n 

80 

57 

0 

0 

0 

0 

0 

< < 

81 

58 


17.7 

50.8 



11 

85 

H-28 



1.3 

0.4 

0 

Peking- 

Sel. 

H-278 



42.8 



t < 

t i 

Inoculated 

Seed not 







checks 

viable 

7.1 

33.2 

35£ 

51.0 


* 


The results in the above table show that about 20 of the millet selections 
are highly resistant to smut; in fact, two showed no smut in any of the tests 
and ten others showed only a trace in one or two years out of four. Ap¬ 
parently, there are strains or varieties of millet resistant to kernel smilt, a 
fact that my prove of great value in the control of the disease. 

State College, 

^Amb£, Iow£ 






PHYTOPATHOLOGICAD notes 


Two new diseases of cultivated mushrooms .—During the past year com¬ 
mercial mushroom growers have suffered considerable loss and inconveni¬ 
ence from two diseases that have not been described in the literature. The 
symptoms and etiology of these diseases are quite different and they are 
apparently in no way associated. The outstanding characteristic of one of 
them is the malformation of individual mushrooms by the production of 
numerous intumescences and patches of gills over the surface of the pileus. 
These hypertrophied growths often resemble the rose-comb of poultry and 
have suggested the name rose-comb disease. The other disease is character¬ 
ized by a reduction in the yield of mushrooms, especially during the latter 
half of the crop, coincident with the appearance over the surface of the soil 
of wrinkled discoid patches of fungus tissue and, throughout the compost, of 
cerebriform subglobose fungus bodies. These bodies are the ascocarps of 
an undescribed species referred to the genus Pseudobalsamia, and they sug¬ 
gest the name truffle disease. 

For several years occasional specimens typical of the rose-comb disease 
have been submitted to the Office of Mycology and Disease Survey. Dur- 



Fia. 1. Eoscoomb disease of the “snow white” variety ot mushrooms, received from 
a commercial grower in Chester County, Pennsylvania. Photographed 
by J. F. Brewer. 
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ing the past season the disease was unusually prevalent and complaints 
accompanied by specimens were received from New York, Pennsylvania, 
Ohio, and Missouri. As mentioned above, the principal symptoms are the 
production of wart-like intumescences, deep seams, and superfluous gills 
over the surface of the pileus (see Fig. 1). They are strongly suggestive 
of crown gall, and bacteria occasionally may be isolated from the hyper¬ 
trophied tissue. But these organisms have not caused tumors upon reinocu¬ 
lation and do not resemble the crown-gall organism. Furthermore, a viru¬ 
lent culture of B. tumefaciens, loaned to me by Miss Nellie A. Brown, Office 
of Horticultural Crops and Diseases, was innocuous when injected into 
healthy mushrooms. The agencies that seem most likely to be the cause of 
the tumors are coal-oil fumes or the fumes or oxidation products of materials 
contained in mineral oil. In all of the cases I have been able to investigate 
the disease was correlated with the use of some form of mineral oil in the 
mushroom houses, and the discontinuance of this practice eliminated the 
trouble. In several cases the disease was correlated with the use of a pro¬ 
prietary insect spray containing pyrethruin and kerosene, in others with 
the excessive use of kerosene in fly traps and as a direct spray, and in one 
case with the application, to mushroom beds, of water containing lubricat¬ 
ing oil that came from an expansion tank made from a discarded oil drum. 
Instances of this kind are clear-cut and apparently too numerous to be 
mere coincidences. On the other hand, it must be admitted that we have 
not yet determined the factors necessary for the consistent production of 
the symptoms under experimental conditions. 

The truffle disease was first called to my attention in April, 1929, by a 
grower at Ashtabula, Ohio. Since then I have observed it in Minnesota, 
Pennsylvania, and New York and have received typical specimens from 
Colorado. Under certain conditions the disease may completely prevent 
the development of the latter half of the crop in an infested house. It is 
especially serious in slow-growing “runs.” During the past season in New 
York, one grower alone suffered a loss from the disease of at least $100,000. 
After the first few “breaks” affected beds can be easily recognized by the 
development of fungus wefts and rudimentary mushrooms under the side¬ 
boards and sometimes over the casing soil and by the growth over the soil 
and in the compost of yellowish wrinkled fruiting bodies that are discoid 
on the surface and subglobose in the compost. The disks range in size from 
thattaf a dime to a half-dollar, while the subsurface fruiting bodies are from 
3 to 30 millimeters in diameter. They are the ascocarps of an undescribed 
species of truffle which undoubtedly is the cause of the diseased condition 
of the beds. The species (to be described in a current number of Myco- 
logia) is apparently most elpsely related to the genus Pseudobalsamia, but 
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it has smaller spores and differs in other respects from any known truffle. 
The ascocarps usually begin to appear scattered over the surface of the soil 
and in the compost about a week after the area inhabited by the fungus has 
ceased bearing mushrooms. 

Very little is known regarding the source of the truffle, the factors affect¬ 
ing its accumulation in the compost, its relation to the cultivated mushroom, 
its persistence from one crop to another, and control measures. Circum¬ 
stantial evidence suggests that it is a widely distributed soil organism which 
is inconspicuous until it enters the mushroom house and finds a favorable 
medium for extensive development in the bed. Whether it is a parasite 
or acts as a weed in the bed is problematic. In some cases it has seriously 
affected one or two crops in a mushroom establishment and, later, for no 
apparent reason, failed to develop in subsequent crops.— Edmund B. 
Lambert, Bureau of Plant Industry, United States Department of Agri¬ 
culture, Washington, D. C. 

Cleaning up strawberry stock infested with root-gall nemas. —Observa¬ 
tions for several years, in the strawberry breeding grounds at the U. S. 
Plant Field Station at Glenn Dale, Md., seemed to indicate that, with care, 
it was a comparatively easy matter to greatly improve any stock of 
strawberries infested w r ith the root-knot nematode ( Caconema radici- 
cola). In 1928, several selections were so badly infested that they could 
not be distributed. These were planted on a relatively heavy soil free of 
root-gall nemas with the idea that runner plants would be free from the 
nema. In 1929, when runner plants were dug, they were, in nearly every 
instance, found clean. A more severe test was therefore made. Plants of 
a variety with the heaviest infestation yet observed (Fig. ],A) were 
brought to the Station and planted on a nema-free clay loam. In the spring 
of 1930, the old plants showed some galls but far fewer than the set plants. 
The runner plants, however, were entirely clean (Fig. 1,C). The reason 
for the clean runner plants from the infested mother plants is the known 
fact that the nemas have difficult}" in moving through heavy soils and w T ere, 
therefore, unable to penetrate the clay soil to reach the roots of the young 
plants. 

Strawberry-plant growers of necessity locate their nurseries on light 
soils because the plants can be dug in the spring when they could not be 
dug from heavy soils. Moreover, the root systems of plants from light soils 
are considered better. How ever, many plant growers can select small areas 
of relatively heavy soil to use in propagating a clean stock for their ow’n 
planting. If a clay soil cannot be used, the cleanest plants from the edges 
of rows grown on fine sandy soil may be used to set a second bed in nema- 
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Fig 1 The three plants shown are all of the same ninety, I T S D A No 057, of 
strawberry Plant A was grown at Willard, N C, and shows the infestation there by 
the root knot nematode Plant B was a similarly infested plant but taken to Glenn 
Dale, Md, and grown in liea\ > soil for one year A few infested roots can be seen, but 
the infestation is much less than when it was planted Plant C is a runner plant grown 
from infested plants at Glenn Dale, Md, in heavy soil No galls or indications of the 
nema were found on it With care clean stocks can be propagated from infested stocks 
by growing on clay soils 

free soil and, with care, clean stocks can be obtained in t\u> years— George 
M Darrow and George F Waldo, Office of Horticultural Crops and Dis¬ 
eases, Bureau of Plant Industry, U S Department of Agriculture 

Carrot and parsley yellows transmitted by the six-spotted leafhopper, 
Cicadula sexnotata (Fall) —A number of plant pathologists have called 
attention to a disease of carrots having most of thrf characteristic symptoms 
of yellows, but whether it was caused by the aster-yellows virus remained 
to be determined In New York, Whetzel 1 reported a yellows disease of 
carrots ranging from a trace to 1 or 2 to 25 per cent infection in 
the Williamabn area Folsom 2 found apparently the same carrot disease 

iWheteel, H H. Diseases of muck crops in New York U 8. Dept Agr., Bur. 
Plant India. Plant DU. Rptr. 13: 115-118. 1929 

*FotoOM, D. Tellers. U. 8. Dept. Agr, Bur Plant Indus. Plant Dis. Bptr. 18: 

1929. 
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as described by Whetzel, at Orono, Maine, and on the experimental farm in 
the southwestern part of the State. Zundel 8 reported the observation of 
yellows believed to be caused by the aster-yellows virus in carrots in Cum¬ 
berland County, Pennsylvania. 

During the spring and late summer of 1929 a survey was made of the 
yellows of plants grown on the ranch of the Morse Seed Company located 
in the Salinas Valley, California. It was observed during early June that 
the inner leaves of many varieties of carrots were yellow, but the plants 
were small and the symptoms were just beginning to develop. During late 
summer parsley and the white varieties of carrot showed some of the 
characteristic symptoms of yellows but, unfortunately, the varieties of yel¬ 
low carrots had been pulled. 

Experiments demonstrated that noninfective six-spotted leafhoppers, 
Cicadula sexnotata, after feeding on White Belgian, Short White car¬ 
rots, and Hamburg parsley naturally infected with yellows, became in¬ 
fective and transmitted typical yellows to healthy asters and celery. Leaf 
hoppers, after feeding on the infected asters and celery, transmitted the 
disease back to the same varieties of healthy white carrots and parsley. 

The same varieties of carrot and parsley grown from seeds were experi¬ 
mentally infected with yellows by infective leafhoppers. After symptoms 
of yellows developed, noninfective six-spotted leafhoppers feeding on the ex¬ 
perimentally infected plants became infective and transmitted the disease 
to healthy asters and celery. The disease was transmitted from infected 
asters and celery back to healthy carrots and parsley. Yellows disease was 
also transmitted from infective carrots to healthy ones and similarly from 
parsley to parsley, carrot to parsley, and parsley to carrot. These experi¬ 
ments proved that the virus of carrot, parsley, celery, and aster yellows is 
identical. 

Carrots and parsley infected with yellows showed a marked yellowing 
of the younger central leaves, while the older outer leaves were usually red¬ 
dened. The younger central leaves were dwarfed and the petioles some¬ 
times twisted; occasionally a dense growth of adventitious chlorotic shoots 
developed at the center of the crown. The roots were usually dwarfed, 
with bunched rootlets.— Henry H. P. Severin, California Agricultural 
Experiment Station, and United States Department of Agriculture, Bureau 
of Entomology, Berkeley, California. 

a Zundel, G. L. Yellows (virus) on various plants. U. S. Dept. Agr., Bur. Plant 
Indus. Plant Dis. Rptr, 33: 174. 1929. 
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Pear blight on Cotoneaster .—Species of Cotoneaster in the neighbor¬ 
hood of Riverside, California, are frequently infected with the pear-blight 
organism (Bacillus amylovorus (Burrill)). During the spring of 1929 a 
definite pathogene was isolated from a species of Cotoneaster. This was 
grown in pure culture and showed the characteristic growth of B. amylo¬ 
vorus in the media tested. Artificial inoculation on shoots of Pyrus com¬ 
munis (pear) and Cotoneaster panosa gave typical lesions. The organism 
was subsequently reisolated from these inoculations. So far as the writer 
knows, Cotoneaster has never before been tested as a host for B . amylo¬ 
vorus. — Clayton 0. Smith, University of California, Graduate School of 
Tropical Agriculture and Citrus Experiment Station, Riverside, Cali¬ 
fornia. 
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FRANKLIN SUMNER EARLE 
1856—1929 

C. L. Shear 1 

I am glad to accept the invitation to prepare a biographical sketch of 
our recently departed friend and colleague, as it affords an opportunity at 
the same time to pay a tribute to his high character, as well as to his scien¬ 
tific attainments as a mycologist, horticulturist, and agronomist. 

Professor Earle passed away at his home in Herradura, Cuba, January 
31, 1929, after an attack of bronchitis which developed into pneumonia. 
He was born at Dwight, Illinois, September 4, 1856. Very early in child¬ 
hood ha began to show much interest in plants and animals, and this was 
stimulated and encouraged by his mother, Melanie Tracy Earle. Being 
brought up on a large fruit farm, he had ample opportunity to become 
familiar with plant life in its varied aspects. His father, Parker Earle, 
was at this time one of the largest commercial fruit growers in that part 
of the country, and, although not a botanist, was deeply interested in plant 
life in its scientific as well as its cultural and commercial aspects. On 
account of his favorable environment, as well as inherited tendencies toward 
a love of Nature and a desire to become acquainted with her secrets, the boy 
soon developed a deep and lasting interest in plant life in general, as well 
as in its horticultural aspects. These two tendencies competed for control 
of his activities throughout his life, as will be shown by the various lines 
of work in which we find him engaged at different periods. At the age of 
sixteen he was prepared for college and entered the University of Illinois, 
but his services were so much in demand in connection with his father’s 
fruit-growing operations that he spent only part of each school year at the 
University. After two fall and winter terms as a special student, we find 
him for the next four years assisting his father in his horticultural work. 
In 1878, he returned again to the University as a regular student h. botany, 
studying fungi under Professor Burrill. He withdrew in March, 1879, to 
return to fruit growing. 

His deep interest in botany, especially the fungi, which had been stimu¬ 
lated by his work with Professor Burrill, brought him back to the Univer- 

I I wish to express my gratitude to Mrs. Earle, Mrs. Wm. T. Horne, sister of Prof. 
Earle, and to Mr. A. B. Seymour, for information not otherwise obtainable, and to Mrs. 
Earle for the accompanying portrait. 
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sity again in 1882 as a volunteer assistant, in order to pursue his favorite 
study and to help Professor Burrill in working up the Erysiphaceae of 
Illinois. This resulted in his first mycological publication, “Notes on 
North American Forms of Podosphaera, ’ ’ 1884. Although there is no 
exact record at present available, it is highly probable that young Earle 
assisted Professor Burrill in his epoch-making studies on the bacterial cause 
of pear blight, which were then being carried on, as his father’s pear 
orchards must have furnished ample opportunity for observation and ex¬ 
periments with this disease. 

Leaving the University in 1883, he returned home again to assist his 
father in his fruit-growing and shipping operations, utilizing his spare 
moments in collecting and studying fungi, especially the powdery mildews. 
In 1887, the result of this work, which was a monograph of the Ery¬ 
siphaceae of the state, was published under the joint authorship of Burrill 
and Earle. He had an opportunity during this period to accept a good 
position at the Kentucky Agricultural Experiment Station but declined, 
believing that his duty to his father and their fruit interests, then being 
developed in southern Mississippi, demanded his first consideration. 

In 1894 and 1895, he became connected witli the Mississippi Agricultural 
Experiment Station, and in 1895-96 he acted as Assistant Pathologist in 
Charge of the Mycological Herbarium of the United States Department of 
Agriculture. This position, again, gave him an opportunity to devote his 
time entirely to fungi, but in 1896 his horticultural interests and perhaps 
financial considerations also led him to accept the position of Horticulturist 
at the Alabama Agricultural Experiment Station. A little later he was 
made Professor of Biology at the Alabama Polytechnic Institute from 
which, in 1902, he received the degree of M.S. The same year he accepted 
a call to the New York Botanical Garden to become Assistant Curator in 
Charge of Mycological Collections. Here he had an opportunity to do some 
of his best work in systematic mycology, giving special attention to the 
Agarics. This was interrupted, however, in 1904, by his appointment as 
Director of the Estacion Central Agronomica of Cuba. He brought to his 
assistance in this position a group of plant and animal investigators who 
inaugurated research of great importance to Cuban agriculture. Owing to 
political changes he resigned from his position iff 1906 and purchased a 
farm at Herradura, Cuba, where he took up fruit and truck growing, which, 
in spite of his numerous other activities, he continued to carry on and enjoy 
until the end of his life. * 

From 1908 to 1911 he was Consulting Agriculturist of the Cuban-Ameri¬ 
can Sugar Company and, during 1911-14, President of the Cuba Fruit 
Exchange. In 1916, he was sent by the United States Department of 
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Agriculture to Porto Rico to make an investigation of the mosaic disease of 
sugar cane, at that time threatening the destruction of the industry In 
this connection his diseo\ery of a variety of cane practically immune from 
the disease and his introduction of this variety into Porto Rico were of the 
greatest service to the sugar planters 

In 1922-23, he was Consulting Agriculturist to the Central Agunre 
Sugar Company of Porto Rico He next returned to Cuba and became 
Advisor for the General Sugar Company In 1925, he accepted a position 
with the Tropical Plant Research Foundation and took charge of the study 
of sugar-cane varieties, which was continued until his death 

The results of his twenty-years observation and experience with sugar 
cane were embodied in a book entitled 4 'Sugar Can and Tts Culture,” which 
is recognized as an authoritative work on the subject Although engaged 
for the greater part of Ins life m commercial and economic phases of agri¬ 
culture and horticulture lie always retained a \ery deep interest in ideo¬ 
logical and pathological work and ne\er lost an opportunity to increase his 
knowledge of the subject He at one time prepared manuscript for a work 
on plant pathology’ which he had hoped to complete and publish, but, 
unfortunately, this, as well as Ins library, was destroyed m a fire which 
consumed Ins home in Ilerradura 

During his sugar cane linestigations in Cuba and Porto Rico he fre¬ 
quently found time to collect fungi, many of which were sent to the writer 
and have contributed to our knowledge of the occurrence and distribution 
of a anous species found on these islands 

He was a member of the American Association for the Ad’sancement of 
Science the Torrey 7 Botanical Club The American Phytopatliological So¬ 
ciety’, the Botanical Soc*iety r of America (President, 1906), and for many 
y r ears Associate Editor of Mycologia A genus of Rusts Earlea, lias been 
named in his honor and se\eral species of fungi bcai his name 

The character and extent of Professor Eaile’s scientific woik and studies 
are indicated by the extensrve bibliography here appended A mere cata¬ 
logue of this kind however, throws little light upon his personal character 
istics He was of optimistic temperament and a genial companion One 
of my pleasantest memories is ol a Msit to his home m Herradura and our 
discussions of various mycological, pathological and miscellaneous subjects 
His sterling character, quiet and retiring manner, and friendly disposition 
caused him to be greatly respected by his business associates and acquain¬ 
tances and belo\ed by lus more intimate colleagues and friends 

PUBLICATIONS 

1 Earle, F S Notes on the North American fonns of Podosphaera Bot Gaz. 

9 24 1884 

2. _ Fungoid diseases of the strawberry Kept Kans State Hort Soc. 

Topeka 14 133. 1885 
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PHYSIOLOGIC SPECIALIZATION AND MUTATION IN 
PHLYCTAENA LIN1COLA SPEG. 1 

II. A. Rodenhiserz 
INTRODUCTION 

The pasmo disease of flax, caused by Phlyctaena linicola Speg., is known 
to have been present in the Upper Mississippi Valley a number of years. In 
1928 the disease was epidemic in many fields in Minnesota, and losses as 
high as 20 per cent were reported. In the flax-rust nurseries at University 
Farm, St. Paul, Minn., and at the Coon Creek Substation, a large number of 
wilt- and rust-resistant selections were killed by pasmo. 

Cultures were obtained from diseased plants grown in different localities 
in Minnesota and the cultural characters studied. The cultural character¬ 
istics of some isolations were similar to those described by Brentzel (3) for 
P. linicola but others were entirely different. Furthermore, variant sectors 
appeared in some colonies of monosporous origin. These facts seemed to 
indicate the existence of physiologic forms of the pasmo pathogene and the 
origin of new forms by mutation. 

A study, therefore, was made of different physiologic forms in order to 
determine their cultural characteristics, their stability, and possible origin, 
as well as their pathogenicity. 

MATERIALS AND METHODS 

During 1928 collections of diseased flax were made in several localities 
in Minnesota. Diseased portions of the flax stems in which pycnidia had 
developed were placed in a mercuric bichloride solution, 1:1000, for three 
minutes and then washed in sterile distilled water. Pieces were then trans¬ 
ferred to potato-dextrose agar, and in about five days pure cultures of P. 
linicola were obtained. From these cultures single eonidia were isolated by 
the method described by Hanna (10) and subcultures of the colonies that 
developed were used in all the tests. For identification of physiologic forms 
the cultures were first incubated for 10 days in test tubes on equal quantities 
of 2 per cent potato-dextrose agar. Small, approximately equal portions of 
each culture were then transferred for comparative tests to equal quantities 

1 Cooperative investigations between the Agricultural Experiment Station of the 
University of Minnesota, and the Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture. Published with the approval of 
the Director as Paper No. 939 of the Journal Series of the Minnesota Agricultural 
Experiment Station. 

2 The writer wishes to express his appreciation to Dr. E. C. Stakman for help and 
criticism in preparing this paper. 


931 



932 


Phytopathology 


[Vol. 20 


of several different media in petri dishes or flasks of uniform size. The fol¬ 
lowing characters were used in differentiating the forms on culture media: 
Color, topography, character of surface, consistency, and type of margin. 
The colors were classified according to Ridgway’s “ Color Standards and 
Color Nomenclature” (13). 

Each physiologic form was designated by the locality whence it was 
obtained, together with an accession letter. The first form isolated in Min¬ 
nesota, for example, was designated Minn. A, the second Minn. B, etc. 
Physiologic forms isolated from sectors are designated according to the col¬ 
ony in which they appeared, together, with an accession number. Thus, the 
first form obtained from a sector of Minn. A is Minn. A1; the second sector 
in Minn. A is designated as Minn. A2. Sectors occurring in Minn. A2 would 
be referred to as Minn. A2-1, Minn. A2-2, etc. 

CULTURAL STUDIES 

Several investigators (4, 5, 6, 7, 8, 12, 15) have found cultural and 
physicochemical differences between lines within species of various fungi. 
In colonies of some of these lines, sectors appeared which differed from their 
parent colonies in color, type of growth, and certain other characters. 
Christensen (6) found this to be true in monosporous cultures of Helmin- 
thosporium sativum P., K., and B., as did Hanna (11) in monosporous cul¬ 
tures of Ustilago zeae (Beck.) Unger. 

Up to the present time eleven distinct physiologic forms of P. linicola 
have been obtained either from original isolations from diseased stems or as 









TABLE 1 .—Cultural characteristics of physiologic forms of Phlyctaena hnicola on potato-dextrose agar SO days after 

inoculation 
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mutants occurring in the form of sectors in these parental cultures. The 
data on cultural characteristics of four of these forms are summarized in 
table 1 and a photograph of the colonies is shown in figure 1. Marked dif¬ 
ferences in the color of the cultures were observed, not only between those 
of physiologic forms isolated directly from diseased flax but also between 
parent cultures and mutants. For example, under the conditions of the ex¬ 
periment, Minn. C was white to pale gull gray, with a center of deep gull 
gray. A mutant from this culture, Minn. Cl, was white to pale olive-buff 
with a center of olive brown. The topography of the colonies varied from 
flat to umbilicate, the surface from dull to velvety and waxy, the consistency 
mycelioid to leathery, and the margin entire to slightly lobate. When 
grown under the same environmental conditions the cultural characteristics 
of any particular form were very constant (Fig. 1). On the other hand, the 
same forms grown at different temperatures and on different media were 
quite different in their cultural characteristics. Similar facts have been ob¬ 
served by Christensen (6) for Helminthosporium sativum , by Christensen 
and Stakman (8) for Ustilago zeae, and by Rodenhiser (14) for some of the 
cereal smuts. There is a difference also in the degree to which certain of 
the forms produce conidia. For example, Minn. D produced conidia abun¬ 
dantly, while Minn. C was almost entirely mycelioid and relatively few 
conidia were formed. Minn. Dl, isolated from a sector in Minn. D, likewise 
was mycelioid and produced very few conidia. These cultures were trans¬ 
ferred every three weeks, for one year, and this difference in conidial pro¬ 
duction remained constant. 

INFLUENCE OF TEMPERATURE ON THE AMOUNT OF RADIAL GROWTH OF COLONIES 

Tests were made to determine whether physiologic forms of P. linicola 
could be distinguished by differences in reaction to temperature. To each 
of a triplicate series of Erlenmeyer flasks of 250 cc. capacity were added 
35 cc. of the same preparation of 2 per cent potato-dextrose agar. The 
flasks were inoculated with small, approximately equal portions of each 
culture and incubated at room temperature for 24 hours. All of the forms 
were then incubated at each of the following temperatures: 7°, 12°, 17°, 
22°, 27°, and 32° C. The diameter of each colony was measured at the end 
of 30 days. The results of the experiment with*4ir physiologic forms are 
summarized in table 2 and the data are graphically represented in figure 2. 
BreAtzel (3) found the cardinal temperatures of P. linicola to be about 
5°, 21°, and 32° C. From the data presented in table 2 it may be seen 
that the revolts obtainet} by the writer are corroborative. It seems clear, 
ajso, from these data, that physiologic forms of the organism react differ¬ 
ently at certain temperatures. At the end of 30 days incubation at 17° C. 
the avtasSre diameter of colonies of Minn. G was 40.7 mm., while those of 




Minn. D1 11 10 10 10.3 18 16 17 17.0 21 23 26 25.0 47 44 45 45.3 ! 30 31 30 30.3 trf tr+ trf trf 
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iimcola on potato dextrose agar for 30 days 
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Stya. 3. Cultures^ physiologic forms of Phlpotaena hnxcola showing differences m 
^haracteri^fts between parents and mutants. Minn. B and three 
mutapts. Minn. A and two mutants. 
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Minn. B and Minn. D were 20.0 mm. and 20.3 mm., respectively. When 
incubated at certain temperatures there were differences in the amount of 
radial growth of parent colonies and mutants. When incubated at 17° C. 
the diameters of colonies of Minn. C averaged 40.7 mm., while those of Minn. 
Cl averaged 28.5 mm. At 22° C. there was a difference of only 2.4 mm. in 
their average diameter, the colonies of Minn. Cl being slightly larger than 
those of the parent, Minn. C. In general, cultures of mutants grew more 
rapidly than parental cultures, but not always. At 12° C. colonies of Minn. 
D and the mutant Minn. D1 reacted approximately the same, but at 17°, 
20°, and 27° C. the average diameters of the parental colonies were much 
smaller than those of the mutant, the differences being 4.7 mm., 15.6 mm., 
and 9.6 mm., respectively. 

variability and mutation 

The range of variability in cultural characters of physiologic forms is 
very large (Pigs. 1, 3). By changing the environment under which the 
cultures are grown decided temporary modifications can be induced. The 
genotypic constitution does not seem to be changed, however, as the modifi¬ 
cations assume the original characters when again grown under fairly 
normal conditions. Furthermore, under the same environmental conditions 
the characters of any given line are remarkably constant. Similar facts 
have been observed for Hdminthosporium sativum (7), for Vstilago zeae 
(8), for some of the cereal smuts (14), and for Sphacclotheca sorghi (9). 
There seems to be every reason to suppose from the observations made by 
the writer that the ph} r siologic forms of P. linicola differ from each other 
genotypically and that these characters, although subject to considerable 
fluctuation, are constant under uniform conditions. When new physiologic 
forms appear they seem to arise in the form of definite sectors in colonies 
(see Fig. 4). 

The sectors in colonies of P. linicola were usually wedge- or fan-shape, 
although in two instances new forms were isolated from irregularly out¬ 
lined patches that appeared near the center of the parental colony. When 
transfers were made from these variants, repeated sectoring took place in 
the resulting colonies to the extent that there were sectors within sectors. 
The cultures obtained from these sectors retained their characteristics for a 
considerable period of time and when there were reversions to the parental 
type they came about as a result of sectoring. 

The question arises as to whether the sectors described represent muta¬ 
tions. Several investigators (2, 5, 6, 7, 8, 15) have described mutations 
in fungus colonies growing on culture media. It is beyond the province 
of this paper to discuss in detail the arguments for and against the designa¬ 
tion of sectors in fungus colonies as mutants. If one accepts Baur’s (1, p. 
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Fig. 4 . Mutants arising as distinct sectors m colonies of Phlyctaena limcola. Minn 1)1 
was isolated from the sector in Minn D. Note that Minn D1 is again sectoring. 


436) definition of mutation, that is, heritable differences between parents 
and their offspring, including those that have originated asexually, which 
do not arise through hybridization but which have other causes, it would 
seem justifiable to designate as mutants the new lines of P. linicola which 
have been isolated as sectors in colonies of monosporous lines. The differ¬ 
ences in cultural characteristics between the parents and the so-called 
mutants certainly have persisted through a number of asexually propagated 
generations and no anastomosing of hyphae or fusions between conidia ever 
have been observed. It seems unlikely, therefore, that the sectors are the 
result of chance assortment of nuclei. This seems particularly true because 
the individual cells of the conidia are uninucleate. Whether one designates 
as mutation or saltation the process by which new physiologic forms origi¬ 
nate in the form of sectors is probably unimportant. It does seem signifi¬ 
cant, however, that new physiologic forms actually are originating in this 
manner. 

PATHOGENICITY 

An attempt was made to find out whether these forms differed in patho¬ 
genicity also. In the greenhouse the following flax varieties and selections 
were inoculated "with four culturally distinct forms: Winona C. I. 179, 
Chippewa CL I. 178, Ottawa C. I. 84, Argentine (C. I. not known), and an 
Argentine-by-Saginaw cross. Water suspensions of cultures of Minn.O, 
Minn.. Cl, Minn. D, and Minn. D1 were used and approximately equal 
amountj^4>f the inoculum sprayed on the flax plants with a Daisy hand 
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sprayer. Four pots of each variety or selection, containing six plants each, 
were inoculated with the individual physiologic forms, respectively, about 
the time of boll ‘formation. After an incubation period of nine days the 
characteristic lefeions appeared on the leaves and two weeks later they were 
well developed on the stems. In no case did there appear to be an appre¬ 
ciable difference in the pathogenicity of the different physiologic forms. 
Several leaves on all of the plants were infected and from three to five 
lesions developed on each stem. The symptoms on the Argentine plants 
developed two days before those on the other varieties or selections. 

Nine varieties and selections of flax were inoculated in the field with 
two physiologic forms of P. linicola, as indicated in table 3. Approxi- 


TABLE 3.— Summary of daia on tests for pathogenicity of two physiologic foims of 
Phlyctaena linicola at University Farm, St. Paul, Minn., in 1929 


Variety or selee 
tion of flax 

C. I. 
No. 

Degree of infection from 

| Minn. D 

Minn. Dl 

Noninoculated 

Series 

Series 

Series 

A 

B 

A 

B 

A 

B 

Bed Wing 

480 

H* 

H 

L- 

L- 

T 

O 

Winona 

179 

H- 

H 

T 

T+ 

0 

T 

Slope 

274 

M 

M+ 

L+ 

L 

O 

T 

Buda 

336 

M 

M 

T 

T+ 

0 

0 

Bison 

389 

M 

M 

L- 

L- 

T 

T 

Linota 

433 

M+ 

M 

T 

T+ 

T 

T 

N. D. B. 114 

268 

M4- 

M+ 

T 

T+ 

0 

T 

Beo (L. 79) 

280 

M+ 

H 

L 

L- 

L 

T+ 

Argentine (Selection) 

— 

H 

H 

T+ 

_jr j 

T 

T+ 


»II = heavy; M = moderate; Lflight; T = trace. 


mately 125 seeds of each variety or selection were planted in duplicate 
seven foot rows, replicated twice. After the bolls had formed, the plants 
in one series were sprayed five times at intervals of four days with water 
suspensions of cultures of Minn. D and in a duplicate series with Minn. Dl. 
From the data presented in table 3 it w T ould seem that Minn. D is more 
virulent than Minn. Dl. In the greenhouse tests, however, no difference 
w r as found in the pathogenicity of these two physiologic forms. An ex¬ 
planation of the differences in degrees of infection obtained in greenhouse 
and field trials may be as follows: Minn. D in culture produces conidia 
abundantly, while Minn. Dl produces few T conidia and is almost entirely 
mycelioid. In the greenhouse, a short time after the lesions appeared on 
the leaves and stems the plants dried up and, consequently, lesions resulting 
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from secondary infections did not develop. In the field, conditions for 
secondary infection were optimum and plants inoculated with a physiologic 
form that produces conidia abundantly would be apt to be more heavily 
infected than those plants inoculated with a form such as Minn. D1 which 
produces relatively few conidia. From the data presented in table 3 it will 
be noted also that certain varieties and selections in the check series became 
infected. Unfortunately, the seed for this series was sown near some very 
susceptible Argentine selections wherein pasmo developed as a result of 
natural inoculation. When preliminary notes were taken the disease had 
not spread to the check series but, when the final readings were made, 
lesions had developed on the leaves. It is presumed that the inoculum came 
from the adjacent plots of Argentine flax. 

VARIETAL RESISTANCE 

In 1928, in the flax-rust nurseries at University Farm, St. Paul, Minn., 
and at the Coon Creek substation, and, again, in 1929, at University Farm, 
many selections of flax, highly resistant to wilt and rust, were killed by 
pasmo. In the nurseries several commercial flax varieties were grown and, 
in addition, about six hundred selections of the following crosses: Argentine 
by Saginaw, Argentine by Winona, Saginaw by Ottawa, Winona by Ottawa, 
Winona by Bombay, Winona by Montevideo, Blue Blossom Dutch by Bom¬ 
bay, and Saginaw by Bombay. In the commercial varieties the degrees of 
resistance varied; the Argentine flaxes were completely susceptible, while 
Red Wing C. I. 480, Winona C. I. 179, Chippewa C. I. 178, Linota C. I. 
433, and North Dakota C. I. 268 were moderately so. Buda C. I. 336 and 
Bison C. I. 389 were resistant. In the selections from the various crosses 
there were all gradations from a high degree of resistance to complete 
susceptibility. Resistance, then, is not correlated with any particular 
agronomic type, and it should be possible to breed varieties of flax possessing 
desirable agronomic characteristics and high resistance to pasmo. 

DISCUSSION AND CONCLUSIONS 

There are at least several physiologic forms of P. linicola that differ 
culturally, ip temperature relations, in conidial production, and to a certain 
extent in pathogenicity. Not only are there several forms now extant but, 
no doubt, new ones are continually being produced; at least, they arise on 
culture media ky the process of mutation, if the sectoring in colonies can 
properly be designated as mutation. That these so-called mutants are not 
mere temporary variants is indicated by the fact that their characters 
£einein remarkably constant under uniform conditions except as changes 
again may occur, as a result of sectoring. It seems quite likely that the 
differential effect ,pf temperature on different physiologic forms may deter- 
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mine, to a considerable extent, which forms are likely to predominate in 
certain regions or in certain seasons. The further fact that some forms 
produce conidia far more abundantly than others probably enables the 
former to do greater damage because of their ability to cause secondary 
infections. There apparently are all gradations in susceptibility among 
varieties of flax ranging from complete susceptibility to high degree of 
resistance. Resistance does not seem correlated with any particular agro¬ 
nomic type, and it should therefore be possible to breed varieties that com¬ 
bine desirable agronomic characters with resistance to pasmo. 

summary 

1. Phlyctaena linicola comprises distinct physiologic forms that can be 
distinguished in culture by the following characters: Color, topography, 
surface, consistency, type of margin, and the degree to which conidia are 
produced. 

2. The differences between physiologic forms in culture sometimes are 
very great. When grown under the same environmental conditions, the 
cultural characteristics are constant. Temporary modifications may be 
induced but the genotypic constitution is not changed, for the variants 
assume their original characteristics when the forms are again grown under 
normal conditions. 

3. The temperature relations of different physiologic forms differ. This 
is indicated by the fact that the amount of radial growth differs greatly at 
different temperatures. 

4. Wedge-shape sectors appear commonly in colonies of the organism on 
culture media. The cultures isolated from these sectors retain their dis¬ 
tinctive characters for long periods of time and the writer considers the 
preponderance of evidence to indicate that they are true mutants. 

5. The mutants are as stable as the forms originally isolated from the 
diseased plants. 

6. Physiologic forms of the pasmo organism differ in the degree to which 
they produce conidia. Under experimental conditions, secondary infec¬ 
tions were most numerous when forms were present that produced conidia 
abundantly. The number of secondary infections was far lower when the 
form present produced relatively few conidia. 

7. Flax varieties and selections varied considerably in their resistance to* 
pasmo. All gradations of resistance and susceptibility were found. None 
of the lines were found to be immune. 

8. There seems to be no correlation between agronomic type in flax and 
resistance to pasmo. It should be possible, therefore, to breed resistant 
varieties of the desired agronomic type. 
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PURIFICATION AND CERTAIN PROPERTIES OF THE VIRUS OF 
TYPICAL TOMATO MOSAIC 1 

P . H. Brewer, H. R. Kraybill, R. W . Samson, 
and M. W. Gardner 

Various methods (4) have been employed in attempting to free the 
tomato-mosaic virus as completely as possible from the different constitu¬ 
ents of the plant juice and the best success has been obtained by super¬ 
centrifuging the juice expressed from large quantities of minced mosaic- 
plant tissue, discarding the liquid, which contains most of the soluble 
constituents of the cell sap, and releasing the virus from the solid residue 
in distilled water, supercentrifuging a second time, and clearing and decol¬ 
orizing the liquid thus obtained by the use of aluminum-gel acid in reac¬ 
tion (5). 

Clear and colorless virus suspensions thus prepared have been found to 
lose thjeir virulence after passage through atmometer cylinders, Pasteur- 
Chamberland B filters, and collodion filters and after heating to 84° to 88° 
C., and, in general, to remain active for long periods under conditions of 
refrigerator storage. The virus is inactivated when the suspension is made 
more alkaline than pH 8.3 and reactivated when the acidity is restored. 
Evidence was obtained that the virus, under the influence of the electric 
current, passed to the positive pole. 

MOSAIC VIRUS OBTAINED FROM RESIDUE IN SUPERCENTRIFUGE AND 
PURIFIED WITH ALUMINUM GEL 

To obtain the mosaic virus a number of tomato plants affected with the 
typical mosaic [Type A of Fernow (7), Tobacco Virus 1 of Johnson (9)] 
are ground in a food chopper and the juice expressed through heavy mus¬ 
lin in a Cossette porcelain press. This juice is diluted with an equal vol¬ 
ume of water and passed through a Sharpies laboratory supercentrifuge 
three times at the rate of 12, 6, and 3 liters per hour, respectively, and at 
about 35,000 revolutions per minute. The liquid, which contains most of 
the soluble constituents of the plant juice, and which, according to McKin¬ 
ney’s supercentrifuge tests with tobacco (13, p. 34), should contain rela¬ 
tively little of the virus, was discarded. The dark green, gummy residue, 
which in McKinney’s tests (13, p. 34) contained most of the virus, is 
scraped from the bowl of the centrifuge, resuspended in distilled water by 

i Contribution from the State Chemist and Botany Departments, Purdue University 
Agricultural Experiment Station, and the Agronomy Department, School of Agriculture, 
La Fayette, Indiana. 
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stirring with a Bouyoucos deflocculator, and again passed through the su¬ 
percentrifuge. The residue is discarded. To the centrifuged liquid, which 
is somewhat yellowish and cloudy, is added aluminum gel prepared so as to 
have a slightly acid reaction, a precaution which prevents it from inactivat¬ 
ing the virus, as in Allard’s tests (2). By adsorption the aluminum gel 
removes the suspended solids and the yellowish color and, when the mixture 
is filtered, the filtrate is a clear and colorless suspension of the virus which 
upon inoculation proves as infectious, apparently, as the juice originally 
expressed from the plants. 

In the course of this work many virus suspensions have been thus pre¬ 
pared and purified and nearly all have given 100 per cent mosaic infection 
when inoculated into sets of 10 or 15 young tomato plants grown in an 
insect-free greenhouse. 

Inoculation is performed by means of small glass tubes drawn out to a 
narrow point. Rather large numbers of these small pipettes, washed and 
sterilized, are kept on hand and a fresh pipette is used for each plant inocu¬ 
lated. By inserting the point of the pipette into the virus suspension in 
a test tube, a small amount is drawn up into the pipette by capillarity. In 
performing the inoculation, two or three leaves of each plant are scratched 
about three times with the point of the pipette from which a small amount 
of the virus suspension escapes into the wound as it is made. While the 
leaf is being inoculated it is supported on a small piece of paper toweling 
to prevent contact with the hand. By using a fresh pipette and paper for 
each plant there is no danger of accidental transfer of a virus from one 
plant to another. In the course of this work there has been a minimum of 
accidental infection. Series of control plants not handled at all, or inocu¬ 
lated with tap water, have remained free from infection. 

With clear and colorless virus suspensions freed from all of the coarser 
solids and most of the soluble constituents of the plant juice and yet re¬ 
maining actively infectious, it is believed that the various properties of the 
virus may be more accurately determined. 

MOSAIC VIRUS FILTERED OUT BY ATMOMETER CYLINDER, PASTEUR- 
CHAMBERLAND B, AND COLLODION FILTERS 

Virus suspensions purified by the method jd&t outlined were found to 
be infectious after passage through * Pasteur-Chamberland F filter and 
Schleicher and Shull 1 $ per cent ooS^dion filters, but not after passage 
through a Pasteur-Chamberland B filter, a cylindrical porous cup atmora- 
eter,* Schleicher and Shull 45, 4$, 6, and 1 \ per cent collodion filters, an<i at 
20 inches pressure and pH 4.80 through 2, 3, and 5 per cent collodion filters 
made ilrjth equal amounts of alcohol and ether as a solvent by pouring the 
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solution onto a mercury surface and exposing to the air 15 to 20 minutes 
before adding water. The results of the filtration tests on preparations of 
proved infectiousness are summarized in table 1. 

After a filtration was completed the top of each of the 2, 3, and 5 per 
cent collodion filters was washed with distilled w r ater and w r ith this w r ash 
water from each filter a set of ten plants was inoculated and all of the 
plants in each set developed mosaic. This showed that the virus, in part 
at least, was retained in an easily removable condition on the filter. 


TABLE 1 .—Fillration tests with purified virus of tomato mosaic 


Filter used 

Plants inoculated 

Total number 

N umber mosaic 

Pasteur-Chamberland B 

30 

0 

a a p 

85 

64 

Atmometer cylinder 

20 

0 

Schleicher and Rliull \\% 

40 

9 

“ “ 3 % 

30 

0 

“ “ 4}% 

40 

0 

“ “ 6 % 

30 

0 

*< “ n% 

30 

0 

Collodion 2 % 

10 

0 

“ 3 % 

40 

0 

“ 5 % 

20 

0 


The failure of the virus to pass through collodion filters is in accordance 
with the results obtained by Kraybill and Eckerson (11) with Schleicher 
and Shull and laboratory-prepared filters and, for the virus as it occurs in 
tobacco, by Duggar and Karrer (6), and by Mulvania (14) w r ith filters 
made up wdtli a similar proportion of alcohol in the solvent. Klebahn (10, 
p. 84), however, found that the virus from tobacco passed through a 2 per 
cent collodion filter. In his very early investigation of this virus as 
it occurs in tobacco, Iwanov r ski (8) found that it passed through a Cham- 
berland filter. The failure of the virus to pass through the atmometer is 
in accordance wdth the results obtained by Allard (2) and Duggar and 
Karrer (6) v r ith the same virus in tobacco. 

The content of solids in two active filtrates from Pasteur-Chamberland 
F filters was found to be 0.00147 gram and 0.0018 gram per cubic centi¬ 
meter or about 0.15 per cent. Examination of the original virus suspen¬ 
sion with an ultramicroscope showed numerous particles which became 
progressively less abundant in the filtrates from the collodion filters as the 
percentage of collodion was increased. No particles whatever were visible 
in the filtrates from the filters containing the two highest percentages of 
collodion (6 per cent and 7£ per cent). 
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MOSAIC VIRUS ACTIVE AFtER LONG PERIODS OF REFRIGERATOR STORAGE 
The virus of typical tomato mosaic in extracted plant juice is known to 
be exceptionally long-lived (1, 9). Storage tests at ordinary refrigerator 
temperatures (36°-40° F.), the results of which are presented in table 2, 
have shown that, in general, the purified virus suspensions were still active 
after 6 to 20 months. No preservative was added. Four of the nine prep¬ 
arations tested (Nos. 2, 4, 5, and 6) apparently weakened with age, one 
(No. 6) apparently having lost its virulence in 564 days. 


TABLE 2 .—Effect of refrigerator storage on virulence of purified tomato-mosaic virus 

suspensions 


Virus suspension 

Age 

Plants inoculated 

Total number 

Number mosaic 

I 

Fresh 

35 

15 


110 days 

15 

10 


249 “ 

10 

9 

2 

Fresh 

15 

15 


96 days 

15 

8 


234 “ 

10 

5 

3 

Fresh 

15 

35 


86 days 

15 

8 


225 “ 

10 

9 


606 ‘ 4 

10 

10 

4 

Fresh 

15 

15 


74 days 

35 

10 


213 “ 

10 

6 

5 

Fresh 

15 

If 


47 days 

15 

7 


187 “ 

10 

7 


567 “ 

10 

3 

6 

Fresh 

15 

15 


44 days 

15 

8 


184 “ 

10 

8 


564 “ 

10 

0 

7 

Fresh 

15 

15 


613 days 

10 

1C 

8 

Fresh 

1 * 

9 


275 days 

10 

10 

* 9 

Fresh 

10 

10 


273 days 

10 

10 


MOSAIC V|$gS INACTIVATED AT ABOUT 88° C. 

Te 2 j r minute eroosures of the purified virus suspension in test tubes to 
tegnpivdtures of 70* to 90* €L indicated that the virus was inactivated at 
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about 88° C., as has been previously found by Allard (2), Johnson (9), and 
McKinney (12). For example, in one series of tests in which 15 plants 
were inoculated from each test tube of the heated virus suspension, the tube 
heated at 80° C. yielded 14 mosaic plants, at 82°, 12 mosaic plants, at 84°, 
6 mosaic plants, at 86°, 2 mosaic plants, at 88°, no infection, and at 90°, 
no infection. 

Longer exposures at the lower temperatures tended to destroy the virus. 
For example, out of 30 plants inoculated with virus suspensions heated 25 
minutes at 70° C., 23 developed mosaic; out of 40 plants inoculated from 
suspensions heated 25 minutes at 74° C., 28 developed mosaic; out of 60 
plants inoculated from suspensions heated 25 minutes at 78° C., only 18 
developed mosaic; out of 60 plants inoculated from suspensions heated 25 
minutes at 82° C., only 6 developed mosaic; and none of the 20 plants in¬ 
oculated from suspensions heated 25 minutes at 84° C. developed mosaic. 


TABLE 3 

.—Inactivation of mosaic virus by inn easing allalimty 

H-ion concentration 

Plants inoculated 

Original pH 

Final pH 

Total number 

Number mosaic 

5.25 

5.25 

10 

9 


6.01 

10 

8 


7.03 

30 

7 


7.53 

10 

6 


8.12 

10 

6 


8.50 

30 

6 


8.75 

10 

0 

5.33 

5.33 

10 

10 


6.69 

10 

6 


7.61 

10 

4 


8.04 

10 

0 


8.40 

20 

0 

6.43 

6.43 

15 

15 


7.14 

15 

35 


7.44 

15 

15 


7.53 

15 

14 


7.77 

15 

0 


7.87 

35 

0 


8.12 

15 

0 

7.11 

7.11 

15 

15 


7.28 

15 

14 


7.56 

15 

15 


7.73 

15 

4 


8.04 

15 

2 


8.29 

15 

0 
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MOSAIC VIRUS INACTIVATED WHEN SUSPENSION MADE ALKALINE AND 
REACTIVATED WHEN ACIDITY RESTORED 

The hydrogen-ion concentration of the purified virus suspensions as 
determined with the quinhydrone electrode usually fell within the limits of 
pH 5.0 to pH 6.5. When the hydrogen-ion concentration of the virus sus¬ 
pension was changed by adding dilute HC1 or NaOH it was found that the 
virus was inactivated when the suspensions were made more alkaline than 
pH 7.5 to pH 8.5, as shown in table 4, and was activated again vhen the 
acidity was restored (Table 5). A slight precipitate was produced at about 
the same point at which inactivation occurred. The virus was not inacti¬ 
vated by an increase in acidity up to pH 2 4b. Allard (3) found that the 
virus as it occurs in tobacco was very resistant to acids and sensitive to 
NaOH. 

The inactivation of the virus by increasing the alkalinity of the prepara¬ 
tion might be explained by assuming that the virus or virus-bearing par¬ 
ticles are negatively charged, an explanation which is substantiated by 
cataphoresis tests to be mentioned later. 


TABLE 4 .—Reactivation of mosaic virus by u storing aiuhty 


II-ion concentration 

Plants inoculated 

Original pH 

Final pH 

Total number 

Number mosaic 

8.50 

8.50 

15 

0 


8.12 

15 

6 


7.37 

15 

13 


5.66 

15 

14 

8.40 

8.20 

10 

0 


8.13 

10 

0 


8.04 

10 

0 


7.74 

10 

1 


5.33 

10 

6 


IN ELECTRIC FIELD MOSAIC VIRUS TENDS TO ACCUMULATE AT 
POSITIVE POLE 

With purified preparations to which dilute k6i was added preliminary 
cataphoresis tests were carried out in p, U tube with a direct current of 110 
volts. After thf current had passed through the preparation about 6 hours, 
inoculation^ weire made with specimens of the liquid drawn off from either 
pole t With one preparation, five tests may be summarized as follows: 
Only two of the 50 plants inoculated with the liquid from the negative pole 
develops fiosaio,* While 37 t>f the 50 inoculated with the liquid from the 
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positive pole developed the disease. These results indicate that the virus 
is carried toward the positive pole, as Olitsky and Hoffman (15) have re¬ 
cently shown, and that the virus or virus-bearing particles are negatively 
charged. 

SUMMARY 

Clear and colorless suspensions of the tomato-mosaic virus practically 
free from the various constituents of the plant juice have been prepared by 
discarding the liquid from the supercentrifuge and suspending the gummy 
residue in distilled water, centrifuging again to remove this residue, and 
clearing and decolorizing the resultant liquid with aluminum-gel acid in 
reaction. 

Virus suspensions thus prepared were still active after passage through 
Pasteur-Chamberland F filters and 1^ per cent Schleicher and Shull col¬ 
lodion filters but lost their virulence after passage through an atmometer 
cylinder, a Pasteur-Chamberland B filter, Schleicher and Shull 3, 4£, 6, 
and 11 per cent collodion filters, and 2, 3, and 5 per cent collodion filters 
precipitated from solution in equal parts of alcohol and ether. The wash 
water from the upper surface of used collodion filters was infectious. 

The active filtrate from the Pasteur-Chamberland F filters contained 
about 0.15 per cent of solids. 

Virus suspensions stored in a refrigerator, without a preservative added, 
in general proved to be infectious after 6 to 20 months. 

Virus suspensions were inactivated by short exposures to 88° C. and by 
longer exposures to 82° and 84° C. 

The hydrogen-ion concentration of the virus suspensions as prepared 
was usually about pH 5.0 to pH 6.5. The virus was not inactivated when 
the acidity was increased to pH 2.46. 

When the alkalinity of the virus suspension was increased to about pH 
7.5 to pH 8.5, a precipitate was formed and virulence was lost. Virulence 
was regained, however, when the suspension was made more acid. 

When subjected to a cataphoresis test, the virus showed a tendency to 
be carried to the positive pole. Apparently, the virus or virus-bearing 
particles are negatively charged. 
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HEART ROT OF PINEAPPLE PLANTS 1 

C. P. 8idebis2 and G. E. Paxton 


INTRODUCTION 

Young pineapple plants are susceptible to a destructive disease known 
as heart rot or stem rot. Diseased plants die with the partial or complete 
destruction of the meristematic tissues of the stem. Losses from this disease 
in Hawaii vary in different years and show some apparent correlation with 
abundance of rainfall. The distribution of the disease in the different fields 
is highly sporadic, certain fields losing from 10 to 30 per cent of their plants 
and others losing none. Pineapple heart rots have been reported from a 
number of widely separated countries. 

In the Hawaiian Islands, the disease has been attributed by Kunkel (7) 
to a Phycomycete and by Lyon 8 to Phytophthora. In Jamaica, Ashby (1) 
obtained a Phytophthora from diseased pineapples, and in Australia a 
species, of Phytophthora also was obtained by J. H. Simmonds (13). 



Fig. 1. Healthy and diseased pineapple plants, a healthy; b f c f and d diseased, infected 

with Phytophthora Mcadu. 

i Technical Paper No. 12 of the Experiment Station of the Association of Hawaiian 
Pineapple Canners, University of Hawaii. 

* Physiologist and formerly Pathologist of the Experiment Station of the Association 
of Hawaiian Pineapple Canners. 

3 Dr. H. L. Lyon’s oral statement to the senior writer. 
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GENERAL SYMPTOMS OF THE DISEASE 

The disease is characterized in the early stages of infection by loss of 
turgidity and a slight twisting of the central leaves and, in later stages, by 
the withering and discoloration to yellowish pink and brown. In both early 
and advanced stages the inner whorls of leaves can be readily detached from 
the stem by a slight pull, the basal tissues of all such leaves having under¬ 
gone either a partial or complete disintegration (Pig. 1). Natural falling 
of these leaves is a frequent late symptom. The stem may also show either 
a partial or complete disintegration with a characteristic brownish yellow 
discoloration at the margins between healthy and diseased tissues (Fig. 2). 


w 


i 


* 


Fig. 2. Jeetioa of pineapple stem infected with Pseudopythium phytophthoron 
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The initial infection may appear (1) at the apical end of the stem, (2) at 
the base of some leaf, (3) at the basal end of the stem, or (4) at the axillary 
or main roots. The infected tissues soon undergo decomposition. Sapro¬ 
phytic fungi and bacteria may invade such tissues after the initial invasion 
of the pathogene and cause putrefaction. 

the causal organisms 

Three organisms were isolated from the diseased tissues of pineapple 
plants in Hawaii and, on inoculation, reproduced the typical symptoms of 
the disease. These were Phytophthora Mcadii MacRae (8), Ph. melongenae 
Sawada (14), and Pseudopythium phytophthoron Sideris (12). The cul¬ 
ture of Ph . Meadii obtained from pineapples is not a typical representative 
of the species, as comparative studies by the senior writer with an authentic 
culture 4 have shown. It constitutes a distinct strain distinguishable by a 
more vigorous development of aerial mycelium. The culture Ph. melon - 
genae is a true representative of the authentic or type culture. 

These three organisms have been isolated repeatedly from diseased pine- 
apple plants. From the soil they have been isolated only indirectly. Sus¬ 
ceptible planting material, tops or crowns, if set deeply enough to cover 
some of the leaves in soil from infested areas and kept watered to excess, 
usually will develop the disease. From such plants the fungi are readily 
isolated in pure culture. 

Artificial inoculations with all three organisms were made by placing 
the inocula at the base of the leaves, on the stem or on the roots of the host 
grown in root-study boxes (5, 11). Such inoculations were repeated many 
times and reisolations of the organisms made from resulting diseased tissues. 
There is no reason to doubt the pathogenicity of these three fungi and their 
responsibility for the development of heart rot' of pineapples. 

comparative behavior of the three pathogenes 

The macroscopic symptomatology of heart rot varies but slightly with 
the three organisms causing it. There are certain differences, of frequent 
but not constant occurrence, that distinguish the symptoms of heart rot 
caused by Pseudopythium phytophthoron from those caused by Phytoph¬ 
thora Meadii and Ph. melongenae. These lie in the fact that the former 
organism makes its initial infection most frequently through the roots and 
the latter two through the leaf bases. Stem and leaf rot, in the case of Ps. 
phytophthoron , develops after the leaves of the plants have become discol¬ 
ored and flaccid as a result of the destruction of the roots, whereas with Ph. 
Meadii and Ph. melongenae both discoloration of the leaves and rotting of 

4 Authentic cultures obtained from Centraal Bureau voor Schimmelcultures, Baarn, 
Holland. 
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the stem and leaves develop simultaneously. Consequently, it is possible to 
recognize the work of Ps. phytophthoron under field conditions by the 
severity of root rot which precedes actual heart rot. 

Pseudopythium phytophthoron .—The pathological behavior of this or¬ 
ganism is characterized by the wholesale killing of plants through the 
primary destruction of their root systems. The aerial parts of the plant 
also become invaded either indirectly, through the initial root infections 
or, directly, by invasion of the stem through the tender tissues of leaf bases. 
In cases where the parasite has invaded only the tissues of the roots and 
not those of the stem, the plants do not develop the characteristic symptoms 
of heart rot; that is, the leaves do not rot but become discolored and slightly 
twisted and withered. Typical symptoms of heart rot develop only in cases 
where the tissues of the stem and leaves have been invaded by the pathogene. 

Pseudopythium, apparently, is very limited in its distribution in the 
Islands. It has been found in only one field, that being in the Waialua 
district on the Island of Oahu. Its present distribution is limited to an 
area of apparently 20 acres in that field. Some care has been exercised by 
the men in charge of this field to keep down the dissemination of the parasite 
as much as possible. This area, from which the organism was first obtained 
by the senior writer in 1925, has not grown a successful crop of pineapples 
since. 

Observations in the field have indicated that temperatures below 70° F., 
together with abundant moisture, favor the development of this disease. 

Phytophthora Meadii .—This organism was first obtained from the dis¬ 
eased tissues of pineapple plants by the senior writer in 1925. Since then 



F 


fto. 3. i. Colony o t Phytophthora Meadii (pineapple strain) on Carica papaya agar. 
BwV)olony of Jfk melongenae on Carica papaya agar. 
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it has been isolated repeatedly from many localities on the islands of Oahu, 
Maui, and Molokai of the Hawaiian Archipelago. Of the three organisms 
studied, this is the one most frequently responsible for the heart rot in 
these Islands. 

This organism produces heart rot chiefly in young plants one week to 
six months old. Initial invasion may take place through the axils of either 
basal or apical leaves, through the basal tissues of the stem, or through the 



Fig. 4. A. Phytophthora melongenae: a, germination of zoosporangia (xl50); 
b t pseudoconidium or resting spore (x 600); c, zoospores (x 300). Unlabeled illustra¬ 
tions are zoosporangia and euconidia and pseudoconidia (x300). B. Ph. Meadii: d and 
e, conidia (x600); /, conidium (x300). 
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roots, though the latter path of entry is much less conspicuous than with 
Pseudopythium. The pathogene lives in the soil and its transfer to leaf 
axils takes place through the agencies of winds, cultivation implements, and 
the splashing and overflow of water during heavy rains. In parts of fields 
where temporary flooding has occurred during heavy rains the disease is 
more abundant than elsewhere. The fungus, washed with wet soil into the 
axils of the leaves, is in a favorable position to grow rapidly and invade 
the tender tissues. The greatest development of the disease occurs during 
the winter months, which are both cooler and wetter than the summer. 
The influence of temperature and moisture has not been studied under 
controlled conditions, but the continued development of the disease in wet 
fields during the summer months suggests that moisture rather than tem¬ 
perature is the limiting factor. 

Phytophthora melongertae. —This organism was first obtained in 1929 
by the junior writer from the diseased tissues of pineapple plants grown on 
the Island of Lanai of the Hawaiian Archipelago. Previous to its isolation 
from pineapple tissues the senior writer had isolated it from the diseased 
tissues of Antirrhinum majus L. growing in Honolulu, and, on inoculation, 
it proved pathogenic on roots of Ananas sativus Scliult. 

Extensive studies have shown that this organism is even more aggres¬ 
sively parasitic than Ph. Meadii. The pathogenic behavior of these organ¬ 
isms is otherwise very similar, and the resulting symptoms are almost indis¬ 
tinguishable. 

OTHER HOSTS OF THE HEART-ROT PATHOGENES 

Pseudopythium phytophthoron , being a new organism, has not been 
studied extensively. Allium cepa L. is the only other plant thus far found 
susceptible. 

Phytophthora Meadii was first obtained by MacRae (8) from the dis¬ 
eased tissues of the fruits of Hevea braziliensis Muell., causing fruit rot. 
According to MacRae, the organism is exceedingly destructive during very 
high humidity. Ashby (2) considers Ph. arecae (Colem.) Pethyb. a 
strain of Ph. Meadii and not a distinct species, both organisms occurring 
in the same geographical area. Ph. arecae has been obtained by Coleman 
from the diseased tissues of the leaves of Areca cptechu L. or betel nut palm. 

Phytophthora melongenae (14) was first obtained by its discoverer from 
the diseased tissues of the fruit of eggplant, Solanum melongenae L. 
Sawada found that n^ot only the Formosan white eggplant but all other 
Japanese varieties are susceptible to this disease. Inoculation tests by the 
same investigator prowid that Ficus carica L., Areca catechu, Hibiscus 
•esculentu# L., EpiphyUum truncatum Haw., and Bicinus communis are 
host's^ this fungus. Ocfemia (9) found the same organism in the Philip- 
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pine Islands to be very destructive to eggplant and, on inoculation, obtained 
positive proof of its pathogenicity on the bark of Citrus maxima Merrill 
(pomelo), Capsicum annuum L. (pepper), Lycopersicum esculentum Mill, 
(tomato), Lactuca sativa L. (lettuce), and Solanum tuberosum L. (potato). 
The senior writer found that Allium cepa is susceptible to root rot by all 
three organisms above mentioned. 

Pethybridge and Lafferty (10) have suggested that Ph. melongenae and 
Ph. terrestris Sherb. be struck out as independent species and incorporated 
with Ph. parasitica Dastur. Godfrey (6) is in agreement with this. 
Ashby (2), taking the same point of view, suggested that Ph. melongenae 
and Ph. allii Sawada be incorporated with Ph. parasitica. Ph. melongenae 
doubtless constitutes a distinct variety of Ph. parasitica (3) if not a distinct 
species and the incorporation as suggested may not be a very wise one. If 
we consider Ph. parasitica , however, identical with Ph. melongenae then the 
number of hosts will be increased considerably. Ashby (1) found Ph. para¬ 
sitica in Jamaica causing leaf-stalk rot of the cocoanut palm and two other 
closely related varieties of Phytophthora causing rots in tobacco and pine¬ 
apples. Dastur (3, 4) has obtained his organism from castor beans 
(Ricinus communis) and from Vinca rosea L., where it was found first 
causing leaf-rot disease. Godfrey (6) found that Ph. parasitica var. rhei, 
an organism closely related to the pineapple parasites, causes root and 
crown rot of rhubarb ( Rheum rhaponticum L.). 

This brief summary of diseases caused by Ph. Meadii and Ph. melon¬ 
genae indicates that the number of hosts may be greater than heretofore 
suspected. 

prophylaxis and control 

Studies conducted for the control of this disease so far have given incon¬ 
clusive results. The only recommendation, based mostly on observations 
made in areas where the disease occurs, is the adoption of the high-bed 
system of planting. This is effective in preventing flooding of the plants 
and decreases quite appreciably the chances of infection. Also, the proper 
draining of fields reduces the losses from this disease quite appreciably. 

SUMMARY 

The disease of pineapple plants in Hawaii known as heart rot or stem 
rot may be caused by any one of three different organisms, namely, Phy¬ 
tophthora Meadii , Ph. melongenae , or Pseudopythwm phytophthoron. 

The different organisms may invade the stem through its basal tissues, 
roots, or leaf axils, the ultimate result being the disintegration of the 
meristematic and juvenile tissues and leaf fall. Heavy rains, causing par¬ 
tial flooding of plants, favor the development of this disease. 
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Partial control of the disease may be obtained by planting in high beds 
to avoid flooding during very heavy rains. 

Experiment Station of the Association 
of Hawaiian Pineapple Canners, 

University of Hawaii, 

Honolulu, Hawaii. 
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THE FUNGICIDAL ACTION OF ULTRA-VIOLET RADIATION 

W. A. R. Dillon Weston and E. T. IIalnan* 


It is the purpose of this paper to describe some recent work on the 
action of ultra-violet light on some specific fungi. At the time this work 
was initiated the writers ivere unaware that Fulton 2 had progressed so far 
in his experiments. Since, however, it is thought that some useful purpose 
will be served by outlining the work that we have recently carried out, the 
following resume is here presented. 

EXPERIMENTAL PROCEDURE 

Source of light. —The lamp used was a quartz mercury-vapor lamp 
(Hanovia Artificial Alpine Sun, 2.5 amp. 210 v. direct-current type). The 
intensity of the light produced was roughly calibrated at intervals by means 
of the Erythema Dosimeter as devised by P. Keller. 

Matfrials. —Potato agar was used as a medium for culturing the fungi 
that were selected for experiment. Eighteen petri dishes were used to con¬ 
tain this. The top cover was replaced, however, by a special form of glass, 
either Vita glass or Sanalux glass being used for this purpose. The medium 
was inoculated with the appropriate fungus from pure culture, a needle 
being used to introduce the organism. These dishes were irradiated for 
different periods and then compared with controls. The latter were similar 
cultures made in the same way but either with the ordinary petri dish cover 
or Sanalux or Vita glass for coverings. They were not irradiated. 

Preliminary experiments. —The following fungi were selected for experi¬ 
ment : Mucor Mucedo L., Rhizopus nigricans Ehr., Sporodinia grandis Link, 
Cladosporium herbarum (Pers.) Link, Dematium pullulans de Bary and 
Low, Pleospora herbarum (Pers.) Kabli., Ncurospora sitophila Shear and 
Stev,, Fusarium sp., Sclerotinia trifoUorum Eriks., and Stereum purpureum 
Pers. Cultures of these were made and on the same day radiation was com¬ 
menced. In these preliminary experiments, they were irradiated for 9 min¬ 
utes a day (this corresponds to 2 A.S.U.), the treatment being continued 
daily for a fortnight in the case of Mm or Mucedo , Fusarium sp. Stereum 
pupureunu and Sclerotinia trifoUorum. The difference between the irradi¬ 
ated plates and the controls was most marked. This is well illustrated in fig¬ 
ure 1, A, B, C, and D, for Mucor and Fusarium. In both cases the mycelium 
has the appearance of “shrinking” away from the light. Actually, it does 

1 The writers are indebted to Mr. C. W. Williamson for the photographs of the plate 
cultures and to Mr. W. E. Dant for assistance in the preparation of material. 

2 Fulton, H. R. The fungicidal action of ultra-violet radiation. Jour. Agr. Re¬ 
search. 38: 159-168. 1929. 
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Pig. 1. A. Mucor mucedo. Radiated. B. Uuror mucedo. Not radiated. C. 
Fusarium gp. Radiated. D. Fusanum ep. Not radiated. 


grow down farther into the medium, as if hiding from the light; conse¬ 
quently, aerial development is retarded and the sporangiophores and 
conidiophores appear stunted. After 7 days treatment these plates were 
reversed and treatment continued for another 7 days (i.e., the plate receiv¬ 
ing ultra-violet light was kept as the control and the control was illumi¬ 
nated). The effect of this treatment was to inhibit the growth of the 
original controls and to encourage growth in the cultures that had origi¬ 
nally been retarded by the action of the light. This point is illustrated in 
figure 2, A, B, G t and D, the same plates as those shown in figure 1, A, B, C, 
and D, the difference of treatment being as stated, namely, that the former 
controls had been <give% light and the ultra-violet cultures had been kept 
'm controls: 
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Fig. 2. A. Mucor mucedo (see Fig. 1, A). Following nonirradiation. B. Mucor 
mucedo (see Fig. 1, B). Following radiation. C. Fusanum sp. (see Fig. 1, C). Fol¬ 
lowing nonirradiation. D. Fusanum sp. (see Fig. 1, D). Following radiation. E. 
Stereum purpureum. Radiated. F. Stereum purpureum. Not radiated. G. Sclero - 
Unia tnfoltorum. Radiation. H. Sclerotinta trxfolxorum . No radiation. 
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This experiment suggests that in these cases the mycelium is not killed 
by the light but that growth is inhibited. Pulton, 8 on the other hand, 
asserts that the mycelium from germinated spores is more easily killed than 
the resting spores. Our results indicate the probability that in many cases 
the mycelium may not be killed but rendered dormant for some considerable 
time. Further experiments to be described will give more evidence on this 
point. 

The effect of ultra-violet light given for 9 minutes per day for 14 days 
on Stereum purpureum was to check further growth and the inference then 
was that the mycelium had been killed. Figure 2, E and F, illustrates this 
point: Under similar conditions the rate of growth of Sclerotinia tnfoliorum 
was checked, but at the end of the 14 days sclerotia were forming. With 
this fungus it was interesting to note that, when irradiated with ultra-violet 
light, the sclerotia were formed at the side of the dish, whereas in the 
control dishes they were formed much farther away from the side. In both 
fungi the mycelium grew well down into the medium away from the sur¬ 
faces. Indeed, in all cases that were dealt with subsequently this was our 
experience. Figure 2, G and H, illustrates this phenomenon. The plates 
were photographed after 7 days. 

With the other fungi that have been quoted similar results were 
obtained. Eventually, growth was checked and it was inferred that the 
mycelium had been killed. This was attributed to the fungicidal power of 
ultra-violet light. It was noted that the darker colored spores seemed to 
possess more resistance to light, thus confirming Fulton’s observations. 

In addition to these fungi, the action of ultra-violet light was tested on 
the chlamydospores of Tilletia caries Tul. produced on Chinese White 
wheat. The spores were placed on potato-agar medium in petri dishes; the 
plates intended for irradiation were covered with Sanalux glass. The con¬ 
trols had the normal petri dish cover. The controls were not irradiated, the 
others being given 9 minutes per day for a week. In the controls the ma¬ 
jority of the bunt spores had formed primary conidia, in the case of those 
radiated; however, development had been checked and few primary conidia 
were observed. 

To confirm the above general findings, 25 watch glasses were half filled 
with potato agar and then inoculated with Mucor*Mucedo. A Vita glass 
plate was placed over these and four strips of carbon paper were pasted 
on th6 gl^ss. The cultures were then irradiated for 9 minutes daily for a 
week with the result that where the Watch glasses were covered with the 
strips of paper growth took place in a perfectly normal manner, but, where 
.Ijhejp were not qovered, very little growth was apparent to the naked eye. 

* IdObm Cit* 
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At this stage preliminary experiments also were started on the action 
of ultra-violet rays on insects and other minute animals. Saprophytic eel- 
worms from diseased Darwin tulips were placed in water in a watch glass. 
After one exposure of 9 minutes the majority of the adult eelworms were 
killed. In somewhat similar experiments the same results were obtained. 
Work in this direction is now progressing and the results will be communi¬ 
cated in due course. 

experiments of a more conclusive character 

Nineteen petri dishes that had previously been exposed for spore¬ 
trapping experiments in the air, at altitudes varying from 500 to 13,000 
feet, were taken. The contaminations of these were plotted and diagrams 
of the plates were made. The plates were then exposed for 15 minutes at 
one foot from the light. One exposure was made with the dish covers 
removed so that the light was cast directly on the naked culture. Subse¬ 
quently the contaminations were again plotted and diagrams made when it 
was noted that the various colonies had not been killed but that more colo¬ 
nies had grown and pre-existing colonies were extending. 

ACTION OF ULTRA-VIOLET LIGHT ON STEREUM PURPUREUM 

Cultures of Slercum purpureum were made on potato agar in 8-cm. 
petri dishes with Sanalux glass tops. After a lapse of 6 days, in order to 
allow the fungus to establish itself on the medium, irradiation was com¬ 
menced. Two series of cultures were irradiated daily, one series at 12 
inches from the lamp, the other at 24 inches from the lamp. In each series 
separate cultures were exposed to the lamp at the following time intervals, 
1 minute, 2 minutes, 4, 8, 16, 32, and 64 minutes, respectively. Radiation 
in this manner was given for 7 days, then the light treatment was stopped. 
From the records of growth made, it was observed that “the fungicidal 
action" of the light varied with the time given and the distance away from 
the lamp. This appeared to confirm Fulton's work; namely, “the killing 
effect of ultra-violet rays is increased with the lengthening of the time of 
action and also with the increase in the intensity of the radiation. De¬ 
crease in the distance from the source of radiation results in increase in 
intensity and in consequent killing effect." 

In our own experiments we at first inferred that the mycelium had been 
killed. Subsequent examination 7 days later showed that in each case the 
fungus had grown and the rate of growth was in proportion to the time of 
exposure and the distance from the lamp. The mycelium had not been 
killed, but growth had been checked to the minimum and the fungus had 
grown away from the light and deep into the medium. Indeed, this could 
be observed in some cases at the bottom of the petri dish. 
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THE ACTION OP ULTRA-VIOLET LIGHT ON SCLEROTINIA TRIFOLIORUM 

The experiment was designed in exactly the same way as the previous 
one, and the findings were the same. In this and the preceding experiment 
the control dishes with the ordinary covers had developed normally. For 
work of this description this fungus is an excellent one, as the rate of 
growth can easily be determined by the formation of sclerotia. In no case, 
however, was the mycelium killed. When light radiation ceased, growth 
was renewed and, as stated, the rate of new growth was in proportion to 
the time and distance of the previous exposure. It was again interesting 
to note that, when under the influence of light, the formation of sclerotia 
took place at the side of the dish. 

DISCUSSION 

When these results are compared with those obtained by Fulton the fol¬ 
lowing points must be borne in mind. 

Fulton made his exposures with the glass tops removed; whereas, in 
these experiments Sanalux or Vita glass covers were used and these glasses 
transmit only 50 to 70 per cent of ultra-violet light. Again, Fulton inocu¬ 
lated his media by flooding the surface with spores or by blowing them on 
with an atomizer, i.e ., by surface inoculation only. In our experiments 
nearly all inoculations were made with a needle, so that spores and myce¬ 
lium would be carried into the medium. Stevens 4 found that the 
minimum lethal dosage for exposed spores of Glomerella cingulata 
(Stonem.) S. and v. S. was somewhat above 10 but under 15 seconds, while, 
for spores covered by an agar layer about 15 mm. deep, the lethal period 
was over 90 seconds. 

In our own experiments we at first thought the mycelium had been 
killed but, later, as we have shown, we realized that the mycelium was not 
dead but had been gradually checked in its growth and then rendered dor¬ 
mant. In all cases the mycelium grew deep into the medium to avoid the 
light. This is interesting since, in laboratory experiments that were car¬ 
ried out with Mucor mucedo gfrown in the normal way in petri dishes, the 
fungus grew towards the light. For example, a culture was made and a 
piece of carbon paper was pasted on the dish cover t A circular piece was 
cut from the nMltdle of this disc. Later, it was found that the fungus had 
grown 4 to^rds that portion not shaded by the paper. It is clear, there¬ 
fore, that the different rays of light must have a different effect upon 
fungal growth 

*4 Stevens, F. II. Effects of ultra-violet rays on various fungi. Bot. Gaz. 86: 210- 
225. 1928/ 
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It is here suggested that the higher fungi such as many of those in the 
Basidiomycetes—excluding the Uredinales and Ustilaginales—are intoler¬ 
ant of ultra-violet light and grow better when this is absent. It is an 
age-old superstition that 4 4 mushrooms,’ ’ for example, grow only in the dark. 
These fructifications are formed more in the autumn, winter, and spring. 
It is generally agreed that growth of these and similar fructifications de¬ 
pends very largely upon moisture. It is, however, here further suggested 
that in damp and wet weather ultra-violet light is at its minimum and, con¬ 
sequently, growth is not inhibited. 

School of Agriculture, 

Cambridge, England. 




THE EFFECT OF BORON ON POWDERY MILDEW AND 
SPOT BLOTCH OF BARLEY 

Frank M. Eaton 

The research results here reported show that boron may materially 
influence the susceptibility of barley to powdery mildew, Erysiphe grami- 
nis, and the spot-blotch disease, caused by Helminthosporium sativum P., 
K., and B. It has been frequently reported that the relative abundance of 
different soil elements or the character of a nutrient solution affects the 
development of plant pathogenes. Very little attention has been given, 
however, to the effect on parasitic fungi of those elements which in small 
amounts are now recognized as of great importance to the growth of higher 
plants. In view of the essential character of some of these elements and 
of the influence which they may have upon the development, structure, and 
composition of the host, it is perhaps to be expected that outstanding exam¬ 
ples should be found in which the effects of such elements are extended to 
the parasites for which the host plant is the substratum. 

Boron is now regarded as essential to many, if not all, of the higher 
plants, but it is likewise well established that this element may be toxic 
when supplied in relatively small amounts. The more sensitive plants are 
injured by concentrations as low as 3 or 4 p.p.m. in culture solutions, 
whereas other plants may not only tolerate but actually be benefited by 
concentrations as high as 15 or 20 p.p.m. A plant grown in a solution with 
a trace of boron supplied as an impurity with other chemicals may be ex¬ 
pected to contain upward to perhaps 60 p.p.m. of boron in its dry tissue, 
whereas, with 15 to 25 p.p.m. in the culture solution, it may contain as little 
as 200 p.p.m. of boron or upward to 1,500 or even 2,500 p.p.m. The 
amount of boron found in plant tissue is relative not only to the variety of 
the plant but also to the stage of maturity and to the secondary environ¬ 
mental factors. The frequency of renewal of cultural solutions, containing 
boron only as an impurity from other chemicals, materially affects the 
amount of boron plants contain and, consequently, the severity of the symp¬ 
toms resulting from boron deficiencies. These facts are mentioned for the 
purpose of indicating the diversity of conditions with respect to boron con¬ 
centrations that a parasite may encounter within plant tissue. 

experimental methods 

Barley, together with some 15 or 20 other plants, was grown in 18-inch 
rows in each of five beds of clean quartz sand. These beds, constructed of 
galvanized iron, were so arranged as to make it possible to flush and drain 
the sand daily with nutrient solutions. The nutrient solution employed 
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contained calcium nitrate, magnesium sulphate, and potassium acid phos¬ 
phate in concentrations of 6, 3, and 3 millimoles per liter, respectively, and, 
in addition, i p.p.m. of manganese as magnesium chloride. One ml. of a 
5 per cent iron tartrate solution was added to each liter of culture solution. 
Boron as boric acid was added to this solution to give concentrations of 0, 
5, 10, 15, and 25 p.p.m. in the ditferent beds. The solution designated as 
0 boron contained in the order of 0.02 p.p.m. of boron derived as an im¬ 
purity from the C. P. chemicals used. After having reused the solutions 
for 7 or 8 successive days they were discarded and new solutions sub¬ 
stituted. 

California common barley and Onas wheat were grown in the summer 
of 1929 and again in the winter of 1929-30. 

RESULTS 

After having planted the summer crop of barley on May 22, a differen¬ 
tial development of powdery mildew and spot blotch was noted in the dif¬ 
ferent beds by the middle of June. This difference in the severity of attack 
became pronounced by the latter part of the month, and on July 4 speci¬ 
men plants of both the wheat and barley were forwarded to Prof. W. W. 
Mackie at Berkeley for identification of the pathogenes and for such com¬ 
ment as to the severity of attack as the material would permit. Professor 
Mackie’s reply was as follows: 

“On my return from my annual vacation I found your letter of July 
4, together with the specimens of barley and wheat grown in boron cultures. 


An inspection of the materials reveals the following: 




Barley 

Boron 

0 p.p.m. 

Mildew 

4 

Spot Blotch 

0 

u 

<< 

5 “ 

< < 
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< < 

«( 
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< t 

< < 

10 “ 

i i 
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< t 

11 

3 

a 

i < 

15 “ 

11 

0 

i i 

n 

4 

a 

n 

25 “ 

( i 

0 

n 

a 

4 


“The barley plants showed a very marked influence of boron upon the 
diseases. It seems from an inspection of the dried plants, which were not 
in a fresh condition, that spot blotch, Hdminthosporium sativum, is fos¬ 
tered by boron in the plants because tile specime&s grown without boron 
in the culture showed no spot blotch, whereas all of the others showed rather 
heavy infestation. Mildew, which is common on all of our common barley, 
was found abundant upon the barley grown without boron, but entirely 
absent on tHfoe plants grown in the various boron solutions. It appearg, 
. therefore, that apot blotch is favored by boron, whereas mildew is entirely 
prevented in these specimens by the presence of boron. 
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“The wheat specimens, which were quite dry, appeared to have evi¬ 
dence of insect attack, but I was unable, owing to the condition of the speci¬ 
mens, to absolutely ascertain whether or not small traces of fungus diseases 
were present. 

“The scale which I use varies from zero to 4, zero being no attack and 
4 being maximum or heaviest attack of the fungus disease, as represented 
by the lesions.’ 9 

The material sent to Professor Mackie was gathered during the hot part 
of the summer and it seemed possible that under more favorable conditions 
mildew might have developed on the barley, to at least a limited extent, in 
the cultures to which boron had been added. Boron concentrations in soil 
solutions as high as or higher than that in the 5 p.p.m. bed are not of un¬ 
common occurrence under irrigation in California. 

The effects of the boron treatments on the boron content of the plants 
and the combined effects of boron and the pathogenes on the dry weights 
of 8 plants of both wheat and barley are given in table 1. These plants 
were pulled from the beds on June 29 while yet quite immature. In agree¬ 
ment with the plant weights obtained from the later cropping of the sum¬ 
mer-grown plants and from the subsequent winter plantings the growth of 
barley was depressed when boron was omitted from the culture solution, 
whereas no material reduction in weight occurred with wheat. 


TABLE 1. —Dry weights and boron content of 8 plants of barley and wheat grown in 
sand cultures from May 2% to June ?9, 1930. Analyst? by L. V. lVilcox 


Boron added to culture 
solutions, p p.m. 

0 ' 

5 

10 

15 

25 

Dry weight of plants, gms. barley 

16.3 

*. 

o 

Cl 

16.2 

12.7 

11.0 

“ “ “ <* “ wheat 

10.6 

11.1 

8.3 

8.2 

6.2 

Boron on dry weights, p.p.m. barley 

57 

348 

646 

1045 

1349 

(< it tt a a wheat 

24 

311 

748 

1058 

1546 


The winter plantings of barley and wheat were made on October 4, 
*1929. In agreement with the observations made on the summer planting, 
no evidence of the spot-blotch disease appeared on the barley plants in the 
0 boron bed. If spot blotch was present it was so masked in its macro¬ 
scopic appearance by the presence of mildew that it could not be identified 
as late as the middle of April. In the beds with 5, 10, 15, and 25 p.p.m. of 
boron, the spot blotch was abundant and of approximately equal severity 
under each of the four treatments. 

In this winter planting of barley, powdery mildew was the most abun¬ 
dant on the plants receiving no boron, but it attacked plants in all of the 
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other beds to some extent. In the 0 boron bed the mildew was present on 
all leaves and many were almost covered. In the 5 p.p.m. bed it was also 
abundant, but the areas covered were smaller and they did not coalesce to 
the extent they did on the plants receiving no boron. Some leaves without 
mildew were found. Less mildew occurred on the 10 p.p.m. of boron plants 
than on those receiving the 5 p.p.m., and the amount was further reduced 
in the 15 p.p.m. of boron bed. In the 25 p.p.m. of boron bed only two well- 
shaded leaves on 100 culms were found infected. The differential develop¬ 
ment of powdery mildew and the spot-blotch disease on barley without boron 
is illustrated in figure 1. 

Powdery mildew r was present on the winter-w’heat plants irrespective of 
the amount of boron supplied. In abundance it was approximately equal 
on all to that on the barley in the 5 p.p.m. bed. 

A late winter planting of oats in the same beds was mildly attacked by 
mildew’. Less mildew was present on the oat plants in the higher boron 
concentration, but the gradient was not so marked as that showm on the 
barlej r . 

DISCUSSION 

Although extreme specificity among the races of the different pathogenic 
fungi is quite common, it is nevertheless remarkable that the wheat and 
barley strains of powdery mildew, which attack only their own respective 
hosts and which in appearance are identical, should in the one case be so 
markedly influenced by the amount of boron supplied to the host plant and 
in the other almost uninfluenced by it. This difference in the reactions 
of the two strains of mildew seems especially noteworthy when it is observed 
(Table 1) that no material difference was found in the amount of boron in 
the dried wdieat and barley plants. 

The decreasing abundance of mildew’ on the barley as the boron supply 
was increased has made it appear most logical to place the burden of the 
interpretation of the foregoing relationship directly on the boron content 
of the barley plants. The fact that some mildew T occurred on plants sup¬ 
plied with large amounts of boron, in the winter planting, and that mildew 
was abundant on the apparently normal barley supplied w r ith 5 p.p.m. of 
boron would indicate that the development of mildew r w r as not contingent 
upon structural abnormalities of the host plant. 

Johnston and Dore 1 found an increased accumulation of sugar and 
starch in the leaves of boron-deficient tomato plants. If such accumulations 
of sugar and starch occurred in the barley they may have been contributing 
factors to the luxuriant development of the mildew in the bed with only a 

i Johnston, Earl S., and W. H. Dore. The influence of boron on the chemical com¬ 
position and growth of the tomato. Plant Physiol. 4: 31-62. 1929. 
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trace of boron. It should, however, be mentioned in this connection that 
DufrSnoy 2 found the plastids of chlorotie areas of citrus leaves affected 
with toxic quantities of boron gorged with starch. This observation might 
be taken to indicate that excessive amounts of boron may result also in 
accumulations of photosynthetic products in leaves. 

The results clearly indicate that an amount of boron in barley plants 
greater than that supplied as impurity in the chemicals used is requisite for 
the development of the Helminthosporium disease. 

SUMMARY 

Barley and wheat were grown out of doors in large sands beds flooded 
daily with nutrient solutions. It was found that the spot blotch of barley, 
caused by Helminthosporium sativum , did not develop when boron was 
omitted from the culture solution. In a summer planting the abundance 
of spot blotch was successively increased by 5, 10, and 15 p.p.m. of boron, 
whereas in a winter planting the severity of the attack was approximately 
the same in these and the 25 p.p.m. concentrations. 

In the summer planting of barley, powdery mildew, caused by Erysiphe 
graminis, was abundant on plants without boron and absent when boron 
was supplied. In the winter planting some mildew was present under all 
treatments, being abundant on the plants without boron and present on 
but two leaves of 100 culms grown with 25 p.p.m. of boron. No mildew 
developed on summer-grown wheat, but it was moderately and equally 
abundant on all winter plants, irrespective of the amount of boron supplied. 

Bureau of Plant Industry, 

United States Department of Agriculture, 

Rubidoux Laboratory, 

Riverside, California. 

2 Dufrfinoy, J. A cytological Btudy of water soluble and fat soluble constituents of 
citrus. Jour. Agr. Res. 38: 411-429. 1929. 



THE SUSCEPTIBILITY OP AMERICAN WHEAT VARIETIES 
RESISTANT TO TILLETIA TRIT1CI 

I. Reichert 1 


Those varieties of wheat, such as Ridit, Hussar, Martin and White 
Odessa, highly resistant to Tilletia tritici (Bjerk.) Wint. in the United 
States, have achieved, in addition to their practical value, considerable 
importance in elucidating the question of the occurrence of strains in bunt. 
Faris (1) was certainly the first to adduce experimental evidence of the 
existence of a difference in the virulence of bunt collections originating in 
different countries. However, definite light was thrown on this question 
only after the experiments of Sessous (10), Gaines (2), and especially of 
Roemer (8), who were the first to break down the exceptional resistance 
of the American wheat varieties with German collections of bunt and to 
show decisively the existence of different strains in bunt. Whereas the 
experiments of Faris (1) and of Stakman and Rodenhiser (6, 7) showed a 
slight difference in the infective capacity of the collections used, the works 
of Roemer (8), Reed (3), and Gaines (2), who worked with the above- 
named resistant varieties, demonstrated a complete difference in the viru¬ 
lence of the bunt collection ranging from entire capacity to entire incapacity 
for infection. These four bunt-free varieties were thus shown to be excel¬ 
lent indicators for the differentiation of strains of the bunt organism. 

As we were experimenting with eight collections of bunt, used by 
Roemer (8) and Sampson (9), in an effort to infect wheat vaTieties that 
had proved to be bunt-free in Palestine (4, 5), we decided to try to infect 
the four highly resistant American varieties, using them as control plants. 

Another object in introducing these resistant American varieties into 
our experiments was to investigate in Palestine the results obtained by 
various workers under different climatic conditions. In spite of the evi¬ 
dence adduced by previous investigators for the permanence of the bunt 
strains in different countries, there are some results contradicting that 
assumption and showing the marked influence of climatic conditions. To 
mention only one instance: The Halle-Saale, Germany, collection of Tilletia 
tritici was four times as virulent as the Pullman (Washington) collection 
on the variety Heils Dickkopf grown in Halle (8). On the other hand, the 
Halle collection was unable to infect the Heils Dickkopf variety grown at 
Pullman, whereas the Pullman collection produced 42 per cent infection 

i The writer wishes to express his sincere thanks to Dr. T. Roemer, Halle-Saale, 
Germany, and Miss Kathleen Sampson, Aberystwyth, Wales, for their kindness in sup¬ 
plying him with wheat varieties and bunt collections for his experiments. 
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on Heils Dickkopf grown in Pullman (2). The experiments undertaken 
are therefore of general interest. 

methods and materials 

We used the following four wheat varieties, Ridit, Martin, White Odessa, 
and Hussar, the first three varieties in two different stocks from Wales and 
Germany, respectively, making altogether seven stocks of wheat varieties, 
four of them, Ridit, Hussai, Martin, and White Odessa, provided by Dr. T. 
Roemer in Halle, Germany, and three varieties, Ridit, Martin, and White 
Odessa, procured by Miss Kathleen Sampson, in Aberystwyth, Wales. 

The following Tilletia tritici collections were used: seven received by Dr. 
Roemer originating in different countries, one by Miss Sampson from 
Wales and one from Palestine—altogether, nine bunt collections. 

The seeds were dusted in a container with Tilletia tritici spores taken 
from wild emmer plants, infected the previous year, and were sown in rows 
of 50 seeds on December 27, 1928. They were sown 15 cm. apart and spaced 
7.5 cm. apart. The soil was sufficiently moist, the rainfall for the last ten 
days before sowing amounting to 33 mm. Rain fell again three days after 
sowing and the total amount during the next eight days reached about 80 
cm. The temperature was thus reduced to 10° C. at the time of germina¬ 
tion. 

Many of the young plants, unfortunately, were destroyed by field mice, 
but the results from the remaining plants are sufficiently symptomatic and 
worth recording. 

THE RESULTS 

From the above results we see that the Ridit variety remained resistant 
to all bunt collections used, with the exception of the Breslau collection, 
which infected only the German stock up to 4.7 per cent. The high resis¬ 
tance of the Hussar variety was broken only by the Cosel bunt collection. 
Both stocks of the Martin variety remained immune from all the collections 
of bunt used. The White Odessa variety showed freedom from infection 
when inoculated with the Welsh, Pullman (in the Welsh stock), Wagen- 
ingen, and Palestine bunt collections, slight susceptibility in the German 
stock to Pullman, and extreme susceptibility in both stocks to the Cosel, 
Breslau, and Landeskrona bunt collections. ^ 

The most virulent bunt collections were those from Cosel and Breslau 
(from 15 tQ 28 per cent). The weakest strains were from Palestine, Wales, 
Wageningen, and Zurich (not tried on all varieties). Pullman produced 
a slight- degrtSft, of infection in the German stock of White Odessa, and„ 
liandeskrona ol^dMavy infection of White Odessa (on the German stock 
5.2 pet cent and on #ie Welsh 25 per cent). 



TABLE 1 .—The percentage of hunted plants obtained tn seven stocls of four varieties of uheat inoculated mth spores of nine 
different collections of Tilletia tritici. Experiment conducted at the Experimental Farm, Gevath, Palestine, 1988-29 
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White Odessa) 



TABLE 2 .—Comparative behavior of eight collections of Tilletia trttict on Bid it, Hussar, Martin, and White Odessa 

in different countries 
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A comparison with the results of other countries .—It may be interesting 
to compare the results obtained in the Palestine experiments with the out¬ 
come of similar work in other countries, especially with those of Roemer (8), 
who used the same wheat varieties and seven bunt collections, as we did, and 
of Reed (3), who used three of our wheat varieties and two of our bunt 
collections; and, further, with that of Miss Sampson (9), who used all four 
wheat varieties and one of our bunt collections. 

The above table gives a clear survey of the infective capacity of the 
eight bunt collections on different stocks of the four American wheat varie¬ 
ties grown under different climatic conditions. 

We see that the Welsh bunt infected Ridit in Wales but not in Palestine, 
even from stock originating in Wales. It was able also to produce slight 
infection on Hussar in Wales but not at Brooklyn or in Palestine. It 
behaved similarly on White Odessa. The Martin variety remained immune 
from the collection in all three countries. 

The Pullman bunt was unable to produce infection on Ridit at either 
Pullman or Halle or in Palestine, where experiments were conducted. 
When inoculated with the Pullman strain Hussar remained in Pullman, 
Brooklyn, and Palestine, and was only lightly infected in Halle. The 
Martin variety also showed a high degree of resistance to the Pullman bunt. 
In the Brooklyn and Palestine experiments no infection occurred, and in 
the Pullman and German trials only a very slight amount of infection 
developed. The American stock of White Odessa was not infected either 
in Pullman or in Brooklyn. The German stock, however, showed a fair 
amount of infection both in Germany and in Palestine. 

The Cosel bunt collection infected Ridit and Martin in Halle but not in 
Palestine. It also caused heavy infection in the German stock of Hussar 
in Halle and in Palestine. Both stocks of White Odessa were severely 
infected by this collection in both Germany and Palestine. 

The Breslau bunt collection gave the same positive results in Germany 
as in Palestine. Both stocks of White Odessa were heavily infected by this 
collection in both countries—Germany and Palestine. 

The Wageningen bunt collection was unable to infect Hussar either in 
Germany or in Palestine. Martin and White Odessa were infected by the 
bunt collected in Germany but, in Palestine, not even the German stock 
contracted the disease. 

The Landeskrona bunt failed to infect Ridit, Hussar, and Martin in 
Palestine but caused slight infection in Halle, Germany. White Odessa 
was infected by this collection in Germany as well as in Palestine, more 
virulently in the latter than in the former country. 

The Zurich bunt collection caused no infection on Ridit, either in Pales¬ 
tine or in Germany. 
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Number of strains .—An attempt may now be made to summarize the 
differential reaction of the four wheat varieties to the nine collections of 
bunt, as shown by the results in the different countries. They are more 
likely to be correct, as they are based on the results obtained under different 
climatic conditions. 

TABLE 3 .—Number of bunt strains based on the susceptibility of Ridit, Hussar, Martin , 
and White Odessa to nine collections on bunt in different countries 


No. of 
strain 

Name of 
coll. 

Name of the wheat varieties and their 
+ or - susceptibility 

Ridit 

Hussar Martin 

White Odessa 

1 

Wales 

+ 

4* 

+ 

2 

Pullman 

- 

+ + 

-h 

3 

Cosel 

a. Breslau 

b. Landeskrona 

c. Lyngby 

+ 

+ + 

+ 

4 

Wageningen 

+ 

+ 

+ 

5 

Zurich 

- 

+ 

4- 

6 

Palestine 

- 

- 

- 


From the above table it is evident that six bunt strains may be differ¬ 
entiated among the nine on the basis of the behavior of the four wheat 
varieties. Reed (3), who used 21 collections of bunt and five wheat varie¬ 
ties, was able to distinguish only six strains. His strains are not identical 
with those shown in the above table. It is evident that many more than 
six strains are known today. The Palestine collection represents a special 
strain, as shown elsewhere (5). 

CONCLUSION 

On the whole, the experiments carried out in Palestine confirmed the 
results obtained by Roemer (8). The bunt collections of Breslau and Cosel, 
which proved the most yihtlent in the experiments in Halle (Germany), 
also maintained their infective capacity in Palestinfe under quite different 
climatic conditions. *fhe Welsh, Pullman, Landeskrona, and Zurich collec¬ 
tions gave almost identical results in both countries, Germany and Palestine. 
The LandSskrona collection seemed to have lost some of the virulence it 
manifested ity, Germany. A greater loss of virulence was observed in the 
Cosel bunt when applied to the Ridit and Martin varieties. Very striking 
IS tfU chancre in the. Welsh bunt, which lost its infective capacity for Ridit, 
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Hussar, and White Odessa in Wales when employed in the United States 
(Brooklyn) and in Palestine. 

Hardly any difference in reaction to the bunt of the different collections 
was noticed between the different stocks of the wheat varieties used in Pales¬ 
tine. Only in one out of 16 experiments with both stocks was a slight differ¬ 
ence noticed in White Odessa. This is not quite in agreement with Stadler’s 
findings (11). 

Such modifications in the virulence of the bunt of certain collections in 
other countries are difficult to explain. Temperature influence seems to 
play no part, as an optimum of infection occurred in all experiments. More 
plausible, perhaps, is the assumption that other climatic conditions are the 
decisive factors in the change. It must be assumed that these conditions 
inhibit the germination of the more virulent components of the bunt collec¬ 
tion and favor the development of the less virulent ones. Furthermore, the 
possibility of an alteration in the capacity of the host for resistance should 
not be excluded, but this hypothesis is considered less probable. 

SUMMARY 

1. Experiments were carried out to determine the behavior of nine bunt 
collections towards the Ridit, Hussar, Martin, and White Odessa wheat 
varieties. 

2. On the whole, the results obtained confirmed those of Roemer. The 
Breslau and Cosel bunt collections proved to be the most virulent and those 
of Wageningen, Zurich, and Palestine the weakest. 

3. The permanence of the virulence in different countries with different 
climatic conditions was then proved. It must, however, be admitted that 
modifications are also possible since they occurred in the Welsh bunt col¬ 
lection. 

4. Six different strains of bunt were differentiated in the collections used 
on the basis of their behavior towards the four wheat varieties. 

Tel-Aviv, 

Palestine. 


literature cited 

1. Faris, J. A. Factors influencing the infection of wheat by Tilletia tutici and 

Tilletia levis. Mycologia 16: 259-282. 1924. 

2. Gaines, E. F. New physiologic forms of Tilletia lcvu> and T. tritici. Phytopath. 

18: 579-588. 1928. 

3. Reed, G. M. Physiologic races of bunt of wheat. Airier. Jour. Bot. 15: 157- 

170. 1928. 

4. Reichert, I. Comparative bunt resistance of wheat in Palestine. Agr. Exp. Sta. 

Inst. Agr. and Nat. Hist. Zionist Organ. Bui. 9. 1928. 

_. A new strain of Tilletia tritici in Palestine. Ann. Appl. Biol. 

(In press.) 


5. 



980 


Phytopathology 


[Vol. 20 


6. Rodknhiber, H. A. Physiologic specialization in some cereal smuts. Phytopath. 

18: 956-1003. 1928. 

7. - f and e. C. Stakman. Physiologic specialization in Tilletia levis and 

T, tritici . Phytopath. 17: 247-253. 1927. 

8. Roemer, T. Gibt es biologische Typen von Steinbrand (Tilletia tritici) des 

Weizens. Kuhn Archiv. 19: 1-10. 1928. 

9. Sampson, Kathleen. The relative resistance of wheat varieties to bunt (Tilletia 

tritici ). Welsh Jour. Agr. 3: 180-196. 1927. 

10. Sessous, G. Ziichterrische Massnahmen zur Stein- und Flugbrand Bekampfung des 

Weizens. Landw. Jahrb. Bayern. 15: 276-291. 1925. 

11. Stadler, L. J. The variety as a unit in studies of disease resistance (Abst.). 

Phytopath. 16: 51. 1925. 



STRIPE RUST, PUCCINIA GLUMARUM, ON WHEAT IN 

ARGENTINA 

Harry B. Humphrey* and Richard 0. Cromwellz 

Stripe rust, Puccmia glumarum (Selim.) Eriks, and Henn., in South 
America, was first collected there by E. W. D. Holway, in 1919 (1) who 
found it on Hordeum chilense R. and S. at Vina del Mar, Chile. In 1920 
he found it at Riobamba, Ecuador, on Agropyron attenuatum R. and S. 
Elsewhere, in South America, it apparently had never been collected until 
October, 1929, when the junior writer observed it in epiphytotic propor¬ 
tions on wheat in Argentina. He is under the impression that he saw it 
there in 1926, also, but made neither a collection nor a record of it. While 
in Argentina in 1929 he had opportunity to make extensive observations on 
the occurrence and severity of the epiphytotic. Accordingly, a detailed 
report of his findings was prepared with a view to its ultimate use in the 
preparation by the senior writer of a somewhat more ample account 
of stripe rust in the Americas. 

Stripe rust has long been recognized as one of the most important cereal 
diseases known to European agriculture. Its ravages are most severely felt 
by the farmer who depends upon wheat for a portion or for all of his in¬ 
come. In the United States this rust is, thus far, known to occur only in 
the Pacific and Intermountain States. Potentially, it is tremendously 
important to the great wheat-growing regions of the Mississippi Valley and 
the Eastern States where, by chance, it may some day be introduced 
through transportation of crop products or otherwise from parts of the 
world subject to stripe-rust epiphytotics. 

The occurrence of stripe rust in the Western Hemisphere was discov¬ 
ered on wheat in Arizona by F. K0lpin Ravn (4), in 1915, while touring 
the United States as a guest of the Department of Agriculture. Further 
research by the senior writer et al. (5) disclosed the fact that this rust had 
first been collected in the United States by Piper, in 1892, on Elymus glau - 
cus Buckl. and Bromus carinatus hookerianus (Thurb.) Shear. It was 
later collected by E. and E. T. Bartholomew on Sitanion hystrix (Nutt.) 
J. G. Smith. These early collections of Puccinia glumarum were, however, 
not recognized as stripe rust but were assigned to P. agropyri and P. rubigo- 
vera where they remained until 1922, when they were correctly identified 
by the senior writer. In 1896 it was collected by Holway on Hordeum 
jubatum L., near Mexico City, Mex., and assigned to the species P. rubigo - 

* Bureau of Plant Industry, U. S. Department of Agriculture, Washington, D. C. 

2 Grain Statistician and Crop Expert, Lamson Bros. & Co., Chicago, Ill. 
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vera . None of these early collectors recorded the occurrence of this rust 
or made any collections of it on wheat or other cultivated host. 

Since its discovery in North America by Ravn stripe rust has been col¬ 
lected widely throughout the Pacific and Intermountain States, excepting 
New Mexico and Nevada, and was observed in August, 1919, as far east as 
Newell, S. Dak. In western Canada it is more or less prevalent on wheat 
and certain congenial grass hosts in Vancouver Island and elsewhere in 
British Columbia, and to a limited extent in Alberta and western Sas¬ 
katchewan. Stripe rust occurs rather commonly and sometimes devastat- 
ingly in Mexico, where it has been observed in the Yaqui Valley and certain 
other important wheat areas as far north and east as Monterey. Its pres¬ 
ence in Mexico and apparent absence from Texas have puzzled us not a 
little in attempting to account for the possible Mexican source of certain 
physiologic forms of P. graminis tritici Eriks, and Henn. Its failure to 
establish itself in near-by Texas may possibly be explained in part by the 
fact that the prevailing winds that move across the northern half of Mexico 
during April, May, and June, according to Bartholomew and Herbertson 
(2) and the more recent unpublished studies of the senior writer, blow from 
the southeast and east to northwest rather than from the south. This fact 
also may in part account for the general prevalence of P. glumarum in 
Arizona and California. 

The late Dr. Carlos Spegazzini of La Plata, Argentina, collected exten¬ 
sively and with more than usual thoroughness the rusts and other fungi of 
Argentina over a period of 42 years, or from 1880 to 1922. During that 
time he published 19 papers, or a total of nearly 2,500 pages; yet, not once 
does he record the occurrence of P. glumarum in Argentina. Other collec¬ 
tors and students of the rusts of South America, such as Gustav Gassner, 
P. Hennings, E. Ule, and others, failed either to observe or record the pres¬ 
ence of stripe rust east of the Andes. Arthur (1) states that there are 
certain collections recorded under the names P. rubigo-vera, P. sessilis, P. 
straminis, etc., that he has not yet seen. The examination of these and 
other South American collections may yet disclose the presence of P. 
glumarum beyond the confines of Ecuador and Chile. 

The junior writer’s 1929 observations on the conditions affecting the 
wheat crop of Argentina covered approximately per cent of the total 
wheat acreage. His field inspections began near the northern limits of the 
main "wheat belt, in the P^jpvinces of Santa F6 and Cordoba, in October, 
and progressed southward to near the southern limits of the belt, in south¬ 
ern. Buenos Ai^es Province and Territory of Pampa, through November 
This allowed each locality to be observed while the wheat was in the blos- 
som-to-mUk stage o£ development. 
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The severe epiphytotic of stripe rust in the territory covered was con¬ 
fined roughly to the area encompassed by Salliquelo, Colonel Suarez, Tres 
Arroyos, Necochea, and Tandil in the southern part of the Province 
of Buenos Aires and comprised about 40,000 square miles. East of the 
above area to the coast was not inspected because the wheat acreage is ex¬ 
tremely light there. For the same reason an area east of a line—Buenos 
Aires City to Bragado, Bolivar, La Madrid, Rauch, and Maypu—was not 
seen. From reports, however, it was assumed that stripe-rust infection was 
moderate to severe wherever wheat was grown in either of these eastern 
areas. As one proceeded to the north or west from the seacoast the amount 
of this rust diminished until it became light or none at the northern and 
western borders of the Province and beyond. There was a trace of it in 
parts of southern Santa Fe. Likewise, drouth greatly affected wheat in the 
remainder of this Province. Cordoba’s wheat crop was almost a failure 
from drouth, and the Province was visited under such conditions that it is 
impossible to report more definitely than to state that the disease was 
nearly, if.not quite, absent. The extreme west-central part of the Province 
of Buenos Aires, around Maza, Rivera, Puan, Alta Vista, Villa Iris, and 
especially west thereof, was scarcely affected, for the early-season drouth 
resulted in a poor plant growth. In this region, where Kanred is popular, 
the average yield approximated two bushels per acre. At the new South¬ 
ern Railway experimental farm, Bordenave, Buenos Aires, a trace of stripe 
rust was seen. 

In the Tres Arroyos territory there were two optimum periods for the 
development of P. ghimarum. A heavy infection killed the lower leaves 
during the boot-to-blossom stage of the host. Then the rust seemed for a 
time inactive only later to resume the attack and kill the remaining leaves 
during the milk stage of kernel development. This final attack was severe 
also on the glumes, awns, and kernels of susceptible varieties. Markedly 
noticeable differences in what may have been varietal susceptibility were 
observed in several varieties. 

The weather at Tres Arroyos during the life of the 1929 crop is of inter¬ 
est because the stripe-rust epiphytotic was as severe there as anywhere 
within the area visited. Precipitation for 1928 is given but a record of the 
temperatures for that year was not available. In the Tres Arroyos district 
wheat is sown from late May to early August and harvested in December 
and January. 

Table 1 shows that the October precipitation was 75 millimeters in 
excess of normal. It was near the end of October and the beginning of 
November when the epiphytotic of P. glumarum appeared. Temperatures 
had not been unfavorable. Early wheat was beginning to head about Octo- 
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TABLE 1 .—Monthly precipitation for 1988, precipitation and maximum and minimum 
temperature for the first 11 months of 1989, and the normal average and 
actual average temperature for the period of June to November , 

1989, inclusive, at Tres Arroyos, Province of Buenos Aires « 



Precipitation in millimeters 


Temperature 

(degrees C.) 


Month 

1928 

Normal 

1929 

1929 


Max. 

Norm. av. 

Actual av. 

Min. 

Jan. 

10.5 

65.0 

66.0 

38 



4 

Feb. 

361.0 

74.0 

92.5 

37 



5 

Mar. 

34.0 

68.0 

18.0 

35 



1 

Apr. 

177.0 

36.0 

73.0 

30 



0 

May 

48.0 

32.0 

53.5 

21 



-1 

June 

20.5 

35.0 

45.0 

17 

8.2 

8.0 

-3 

July 

41.0 

40.0 

7.0 

20 

7.7 

8.1 

- 3 

Aug. 

2.0 

33.0 

15.0 

21 

8.7 

9.2 

-4 

Sept. 

5.0 

51.0 

55.0 

28 

11.0 

10.8 

- 3 

Oct. 

58.5 

63.0 

138.0 

36 

13.7 

12.5 

- 3 

Nov. 

55.0 

58.0 

41.0 

38 

17.0 

18.8 

4 

Dec. 

8.0 

72.0 






Total 

620.5 

627.0 

604.0 






tt Jan. to June are Experimental Farm unofficial figures except normals, which are 
official. July to Dec. are official. 


ber 21. Pour weeks of favorable rust weather was sufficient to bring about 
the full natural development of a severe rust epiphytotic, and the abundant 
rainfall of October undoubtedly promoted its development during the criti¬ 
cal period of the wheat plants growth. The records have been searched to 
learn in what other years the precipitation in October and November ex¬ 
ceeded the normal to an approximate degree, and it has been found, as indi¬ 
cated in table 2, that the moisture and temperature conditions for the period 
in question were sufficiently favorable in 1920 and 1922 to have produced 
an epiphytotic of stripe rust provided enough inoculum had survived the 
rigors of the preceding winter months. There is, however, no record of the 
presence of this rust in Argentina in those years. 

Other factors necessary to an outbreak of P. gktrnarum on winter wheat 
(6) include conditions favorable to infection and spread during the fall 
(late,April, May, June, in southern Buenos Aires) and early spring (end of 
August and September). At Tres Ajfroyos there was sufficient rainfall, ap¬ 
parency* ta^avor spread of stripe rust while wheat was young in the fall 
and subsequ&bt early spring. The year 1928 produced a good crop with 
autumn moisture comparable to that of 1929, scant in early spring, and nor¬ 
mal thereafter, There was H6 noticeable rust damage of any kind. 
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TABLE 2 .—Monthly precipitation and mean monthly Inapt ratine for the years 19 JO 
and 1982, respectively, at Tres Arroyos, Province of Buenos Aires 


Month 

Precipitation in 
millimeters 

Temperature (degrees C.) 

1920 

1922 

1920 

1922 

Mean max. 

Mean min. 

Mean max. 

Mean m'n 

Jan. 

42 

143 

31.1 

13.6 

31.0 

14.4 

Feb. 

66 

100 

29.2 ‘ 

13.0 

27.8 

12.1 

Mar. 

40 

43 

28.2 

13.4 

26.9 

11.9 

Apr. 

112 

54 

23.3 

10.0 

21.3 

7.4 

May 

2 

23 

17.9 

6.3 

17.7 

6.0 

June 

5 

125 

13.0 

1.0 

10.4 

2.8 

July 

48 

26 

12.1 

0.8 

14.3 

6.0 

Aug. 

5 

19 

17.0 

2.6 

14.2 

2.6 

Sept. 

71 

21 

18.7 

4.9 

19.1 

4.7 

Oet. 

107 

94 

18.7 

7.7 

17.5 ! 

6.4 

Nov. 

67 

146 

23.8 

10.0 

25.3 

10.9 

Doc. 

202 

60 

27.8 

12.6 

30.4 

12.2 

Total 

767 

854 






Argentina’s better-seed campaign probably has imported more lots of 
seed wheat since 1925 than at any time in the last three decades. These im¬ 
ports increased annually during the period 1925 to 1928. Government and 
railroad multiplication and distribution of these imports and of varieties 
bred locally by 1929 brought about almost a complete change of varieties 
grown throughout the nation from those grown in 1925. In view of this 
fact there is a possibility, if not probability, that the sporadic outbreak of 
stripe rust in Argentina may have had its origin through spores brought 
in on plant material in shipments of wheat received from European sources. 
Hungerford (6) has shown that the urediniospores of this rust retain their 
germinability two to three months under normal conditions, and Becker (3) 
has established the fact that under conditions of refrigeration they are 
germinable after 430 days. 

* The potential importance of stripe rust to cereal culture in the major 
wheat-producing areas of the Americas is so great as to warrant a thorough 
and comprehensive investigation of the problem. Much as has already been 
contributed to our knowledge of this rust there yet remains a great deal to 
be learned about its epiphytology, its possible methods of introduction into 
new areas, its physiologic specialization, life history, and control. 
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FROST-TOLERANT AND BLIGHT-RESISTANT POTATOES 
Donald Reddick 

FROST TOLERANCE 

In such a warm, dry season as existed in most of the northern potato 
regions during the summer of 1929, the potato makes very little growth 
until the rainy, cool days of September arrive. It is in such years that 
early frost is most unwelcome. Ten days or two weeks of growth under 
favorable conditions may make an enormous difference in the yield of No. 
1 tubers. Likewise, a January frost in the Southern States may injure 
the young plants and thus delay the harvest. In 1929, in New York, 
killing frost occurred on September 20 and 21 throughout most of the 
potato sections, but this was followed very generally by fourteen to twenty 
days of weather very favorable for tuber production. At Ithaca the official 
record of the U. S. Weather Bureau for each of these nights was 29° F. 
(-2° C.). Unfortunately, there were no thermometers present in the 
potato plot in which the following observations were made on these nights. 
The plot is about one mile distant from the recording station and usually 
runs about 1° F. colder at night than the official record. 

It was not surprising to find in the experimental plot some plants that 
had withstood with no injury whatever two successive nights of 29° or 
slightly colder, because there were present in the field plants of Solanum 
demissum Lindl., seeds of which were kindly supplied to me by Dr. C. F. 
Clark. S. demissum is reported as an herbaceous perennial from the moun¬ 
tains of Mexico at 8,000 to 9,000 feet (Uhde). From his recent paper it 
is clear that Salaman (9) 1 is concerned with this same species although 
he uses the later name utile Klotzsch. Rydberg (8) regards the two as 
identical and even Bitter (l), 2 regards the two as very close and suggests 
that further study may show them to be identical. S. utile is likewise 
reported from Mexico (Rio Frio, at about 10,000 feet, and from Michoacan, 
at about 8,000 feet). It is even possible that the original material on which 
the species is founded is identical. The same collector is cited, Mr. C. A. 
Uhde, “a German gentleman, who has resided for many years in the west 
of Mexico,” and the same general locality is also recorded. Lindley (6) 
quotes as follows: “Native Mexican potatoes, growing at 8000 to 9000 feet 
elevation” while Klotzsch (4) secured seeds from the director of the Berlin 
Garden, Fr. Otto, with the legend: “wilde Kartoffel aus Rio Frio im 
Hochgebirge zwischen Puebla und Mexico, in einer Hohe von 10,000 Fuss 
fiber den Meerspiegel vorkommend.” 

i L. c., p. 329. 

a L. c., p. 454. 
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The report of many travelers in Mexico and in the higher Andes of 
Peru and Bolivia is that in those regions where “wild potatoes” are found 
the night temperatures are very low and that light frosts may occur in 
almost any month of the year. It was to be expected that a species from 
such a region would show some frost tolerance. 

The behavior of first-generation hybrids with demissum is interesting. 
Such hybrids have not been easy to secure and only a small number of 
plants were in the test, but, without exception, they withstood the two 
successive cold nights without injury. The hybrids and the number of 
seedling plants involved are: demissum x maglia, 7 plants; demissum x 
fendlerii, 13 plants, (a few terminal leaves showed very slight injury). 
Both maglia and fendlerii in the immediate vicinity were killed to the 
ground. 

A wholly unexpected case of frost tolerance, however, appeared in a 
culture of 8. commersonii Dunal and its hybrids. It adds another example 
to White’s (10) list of warm-climate frost-tolerant plants. A very gener¬ 
ous sample of seed was secured from the Director of the Botanical Garden 
in Montevideo under the name commersonii . The plants grown from this 
seed were all very uniform in appearance but differed in several minor 
particulars from commersonii secured from J. R. Baiz, Las Delicias, Argen¬ 
tina, or commersonii blanca from the same source, or from commersonii 
forma silvestre secured from J. B. Marchionato, La Plata, Argentina. This 
species presumably is limited to the coastal-plain region and, while it may 
be inferred that its ancestral home was in the hot equatorial region and 
that its present geographical distribution indicates a line of development 
significant of greater tolerance for cold, there seemingly is nothing in its 
present distribution to indicate a tolerance for below-freezing temperatures. 
This particular lot of commersonii, however, showed no injury whatever 
from the two freezes, although the three other families carried under this 
name were killed completely. Likewise first-generation hybrids with the 
commersonii from Montevideo exhibited a similar tolerance, whereas, such 
hybrids with commersonii from other sources were killed completely. 
Here again the number of plants involved is very small because of difficulty 
in effecting crosses. The hybrids obtained and the number of seedling 
plants on which the observations are based are as follows: commersonii 
(Montevideo) x commersonii (Las Delicias) 2 plants; commersonii (Monte¬ 
video^ x demissum 12 plants. In the latter case the frost tolerance might 
be ascribed equally as well to the pollen parent. No records exist for 
hybrids in which fttHin #&s taken from demissum although, as will be 
mentioned below, JQottteli found tolerance with the reciprocal. In the 
ease recorded tare, &ie plants involved are unquestionably hybrid because 
they resetpbl^ypie pollen parent much more than they do the mother. 



1930] 


Reddick: Blight-Resistant Potatoes 


989 


Some other plants in the experimental garden exhibited frost resistance. 
These were found among some varieties secured from Professor Knappe, 
in Estonia. 1. 8. commersonii (Montevideo), doubtless from the same 
source as the plants mentioned above. 2. Caliban (demissum x Majestic). 
3. Silhonetto (Sylvan x Hindenburg). 4. Also in some varieties secured 
from Dr. R. Schick, Miincheberg, Germany, to test for resistance to late 
blight ( Phytophthora infestans ), Wohltmann, Parnassia and Deodara 
proved to be not only very resistant to blight but also resistant to frost. 
Many other varieties were grown in the same field and those that had sur¬ 
vived the blight were completely killed by the low temperature of Septem¬ 
ber 20. Some of the varieties involved were Green Mountain, Russet 
Rural, Evergreen, Ekisliirazu, and a long list of hybrids several of which 
were from Professor Knappe. 

It is worthy of more than passing note that three German varieties out 
of a total of five included in the test should exhibit resistance to Phyto¬ 
phthora blight and tolerance for cold. Doctor Klotzsch (5) hoped that 
his tttfiZe-would prove useful in combating “the potato disease.’’ The hope 
of accomplishing this seems to have been great, for, a few weeks later, in 
the same publication (p. 356), the statement is found that Juhlke (3), 
gardener at Akademie Eldena, was growing nearly a half acre of seedlings 
of this species. This article usually is cited as authority for the suscepti¬ 
bility of this species to P. infestans and the article is commonly ascribed 
to Miinter. Juhlke is responsible for the communication to the editor and 
Miinter is quoted by him as saying that this ought to bring to an end the 
discussion about the potato disease being a degeneration caused by con¬ 
tinued asexual propagation. 

Whatever effect this announcement may have had on Klotzsch, it did 
not deter him from continuing work with the species. In 1851 he (5) says 
nothing whatever about the potato disease, but he reports that utile was 
not injured by frost of 2° (Rcaum.) under the freezing point. He reports 
further that in the hope of introducing this frost tolerance into the ordinary 
varieties he had placed the pollen of “tuberosum” on utile, had secured a 
.blend of the two and had grown the seedlings. At the end of March, half 
the seedlings were grown in pots out of doors where they were subjected 
several times to frost of H° (Reaum.) without injury. 

BLIGHT RESISTANCE 

The susceptibility of 8. demissum to blight is recorded by Lindley in 
his original paper (6). With the great prevalence of blight at the time 
and the intense interest in the disease it would seem that no mistake could 
have been made either by Klotzsch or Lindley. It must be remembered, 
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however, that at that time P. infestarts was not commonly regarded as the 
cause of blight but merely an invader of dead tissue. Its presence was 
not a diagnostic character. 8. demissum, as grown at Ithaca, often shows 
a marginal burning of the leaves and occasionally this has become so severe 
that certain plants died completely. The cause of this burning is not 
known. It has much the appearance of blight as it occurs on the variety 
Rural New Yorker but P. infest an s is not present. In fact, repeated at¬ 
tempts to infect this species artificially with P. infestans under thoroughly 
favorable conditions both with very small seedlings and mature plants 
have consistently failed. No lesion whatever is formed. Salaman (9) 
has grown the species, under the name utile , for 15 years and it has always 
been free from blight. It seems probable that Lindley and Juhlke were 
mistaken about the susceptibility of the species. 

An attempt to relate the varieties Deodara, Parnassia and Wohltmann 
to Klotzsch’s utile seems reasonable on the basis of two outstanding 
physiological characters. The immediate parents of these varieties are 
known. The first two are sibs of Deutsches Reich by Jubel. The latter 
is the offspring of Daber by Erste von Fromsdorf. An examination of all 
of the known treatises on systematics of the potato fails to reveal the lineage 
through many generations. None of the varieties mentioned in the 
lineage, so far as it can be traced, can be very old, for none is found in 
the long list of varieties (2) exhibited at Altenburg in 1875. Incidentally 
it is interesting and perhaps significant that in this list, mostly of varieties 
with German names, the exotic name “Rio Frio” should be attached to 
one of the old and well-tried (altbewahrten Sorten) varieties and that 
among the novelties a variety was exhibited under the name “Dr. Klotzsch 
Bastardzucker. ,, 

All of the first generation hybrids of demissum mentioned above like¬ 
wise exhibited complete immunity from Phytophthora infestans , both in 
greenhouse inoculation and in the field. Natural infection was very gen¬ 
eral in the experimental plot on susceptible sorts. An initial artificial 
inoculation had been made on a susceptible variety planted for the purpose. 
Subsequent wetilfcm* conditions favored a natural spread of the disease. 
All of the plants 0-demissum amj its hybrids hacLbeen grown from seeds. 
The seeds were planted in mid-April and the seedlings were transplanted 
to the field early in June. S#eds and tubers had formed at digging time 
(October ^10) and the plants may be said to have matured even though 
they reaaained green. Tie inoculations made in the greenhouse were done 
in March, 1080, and a more extensive report will be presented later. The 
contention of K. 0. Muller (7) that plants become susceptible to Phyto¬ 
phthora when thejf* approach* maturity is not supported by these observa- 
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tions, but, obviously, much more extensive tests must be made either to con¬ 
firm or to deny his claim. 

SUMMARY 

Solanum demissum and 8. commersonii from Montevideo were sub¬ 
jected on two successive nights to 29° F. without any apparent injury. 
Some first-generation hybrids of each of these species showed a similar 
frost tolerance. S. commersonii from three other sources, along wdth 
numerous varieties of S. “tuberosum,” were killed completely by the cold. 

Solanum demissum is immune from Phytophthora infestans as are also 
some first-generation hybrids. 

Cornell University, 

Itiiaca, New York. 
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GERMINATION OF THE OOSPORES OF SCLEROSPORA 
GRAMINICOLA (SACC.) SCHROET. 1 

M. M. Evans and Geoege Harrar 8 

Comparatively little is known about the germination and function of the 
oospores of the Peronosporales. Most of our knowledge of the germination 
of oospores and their function goes back to de Bary's work. He has de¬ 
scribed the germination of the oospores of Peronospora valerianellae Fckl. 
(3), Cystopus candidus Lev. (1), and Pythium debaryanum Hesse (2). 
Moreover, he reports that the resting spores of Peronospora valerianellae 
and Pythium debaryanum germinate by a tube, while in Cystopus candidus 
the resting spores germinate by zoospores. Prillieux (11) has described 
and illustrated the germination of the oospores of Plasmopara viticola (B. 
and C.) Berl. and De T. He found evidence that the oospores produce a 
conidiophore. Gregory (6), as a result of more recent investigations, de¬ 
scribes and illustrates the germination of the oospores of Plasmopara viti¬ 
cola by'the formation of a tube or stalk bearing a conidium. This has been 
confirmed by Ravaz and Verge (12). 

Gaumann and Dodge (5, p. 84) have this to say about the germination 
of the oospores of the Peronosporales: ‘ ‘ The germination of the oospores in 
Plasmopara takes place through zoospores, in PI. viticola under certain con¬ 
ditions also with a germ tube ending in a large conidium (Ravaz and Verge, 
1913), in Sclerospora and Peronospora through a germ tube which develops 
in the host to a mycelium.” Apparently, Gaumann and Dodge (5) over¬ 
looked Gregory's (6) report made in 1912 of the germination of Plasmopara 
viticola . Gaumann (4, pp. 81, 82) credits his statement on oospore ger¬ 
mination of Sclerospora to de Bary, but w 7 e have been unable to find where 
de Bary referred to the germination of Sclerospora. Hiura 3 (7), in a very 
recent paper (1929), reports in a preliminary w^ay the germination of the 
oospores of Sclerospora graminicola (Sacc.) Schroet. without referring to 
Gaumann’s (4) statement on oospore germination of Sclerospora. Hiura 
(8) took the oospores from green leaves and placed them in soil water. 
Under favorable conditions the oospores germinated wdthin 40 to 48 hours 
and developed hyaline, nonseptate, branched tubes that were three to 11 p 

1 Published with the approval of the Director of the Iowa Agricultural Experiment 
Station. ^ 

8 The writers are indebted to Professor I. E. Melhus for suggesting the problem and 
lending assistance in carrying out the experiments and preparing the manuscript. 

8 Attention is called to a yet more recent publication by Professor Hiura which 
describes fully a very unique method of germinating the oospores. This appeared dur¬ 
ing the time the present paper was in press. 

Hiura, Makoto. A simple method for the germination of oospores of Sclerospora gram - 
ifitoola. Science 72: 95. 1930. 
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in width. The optimum temperature for germination is reported as between 
27° and 30° C* Hiura (7) also refers to a visit to Mr. Da Nami, who showed 
him germinating Sclerospora oospores and related his method of inducing 
them to grow. Although the results had not been published, Mr. Hiura’s 
description of Mr. Da Nairn’s results with germinating oospores leaves no 
doubt that the oospores were germinating, even though drawings or photo¬ 
graphs of the process did not accompany his articles. 

When the present work was started in the fall of 1928, the writers were 
not aware that any one had ever germinated the oospores of Sclerospora. 
The task of germinating the oospores of Sclerospora graminicola seemed 
hopeful because it was readily possible to bring about infection of Setaria 
viridis (L.) Beauv. seedlings in the soil with the oospores of Sclerospora 
graminicola by the method described by Melhus and Van Haltern (9) and 
Melhus, Van Haltern, and Bliss (10). This work showed that the oospores 
germinated and brought about infection of the host within a period of two 
days. After repeated trials germination of the oospores of Sclerospora 
graminicola was brought about by selecting clean infected tissue in the field 
in December, 1928, near Ames, Iowa. This was easily obtained by taking 
the reddish brown shredded tissue from standing Sclerospora-infected 
Setaria viridis plants. The reddish brown color is caused by the abundance 
of spores formed in the tissues killed by the organism. The oospore material 
from dry standing plants, as shown in figure 1, usually showed less con- 



♦ b 

' Fig. . 1. A part qf & Setaria viridis plant killed by Sclerospora graminicola . The 
shredded jfaue conaieti of the ^Uft^ascular bundles left after the pathogene has de¬ 
stroyed the parenofeymg^oua tisfoei* Among the vascular tissues are abundant reddish 
broTOt oospores. 
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tamination than that collected after the plants had lodged. The oospores 
were shaken from the diseased tissue into a beaker of sterile distilled water 
The spores floated on the surface, however, a few sank to the bottom of the 
container. From 5 to 30 per cent of the oospores were found to germinate 
in 24 hours when held at room temperature 
Where clean diseased tissue was not available, the oospores were surface- 
disinfected with a 5 per cent solution of lactic acid, washed in sterile dis¬ 
tilled water, and then floated on sterile Mater in watch glasses and held at 



Fig. 2. Oospores of Sclerospora gramtn icola A. Mature oospore showing exospore, 
endospore, and the endospore content. B An oospore sending out a germ tube through 
a small opening in the exospore. There is direct continuity between the cell wall of the 
germ tube and the endospore wall The cytoplasm in the germ tube is hyaline with rela¬ 
tively few granules present. C. The exospore in this oospore has been broken bo as to 
show the exact relationship of the germ tube with the cell wall of the endospore. 
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18° C. for 24 hours. At the end of this period some of the spores had begun 
to push out germ tubes. These tubes were hyaline, branched, and contained 
some globular bodies, as shown in figure 2, A and C. Frequently, long 
stretches in the tubes seemed to be empty or nearly devoid of cytoplasm, as 
shown in figure 2, B. The large fat-globule always disappeared before the 
germ tube developed. Likewise, no evidence of the nucleus was seen in the 
germinating spores. The granular bodies mentioned were not nuclei. The 
walls of the tubes were a direct continuation of the endospore wall, as shown 
clearly in figure 2, C, and they protruded through a small opening in the 
exospore (Fig. 2, B), apparently dissolved by the action of the forming 
germ tube. At least, no pore was ever observed in a dormant oospore. The 
contents of the oospore were frequently seen to flow out of the endospore 
into the germ tube. In other instances, the contents in the germ tubes were 
seen to move. The rate of internal activity of the cytoplasm incident to ger¬ 
mination under favorable conditions was pronounced. Repeated measure¬ 
ments of germ tubes, after 30 hours at room temperature, were 600 to 700 p 
long. The diameter of the tube at the point where it comes out through the 
exospore wall is smaller in diameter than it is just outside the exospore. 
When the oospore was severely ruptured this condition was not noticeable. 
The diameter of the tube was usually about 5 p. The length and diameter 
were greater than in many other fungi. 

Changes in pH from 4.5 to 7 appealed to have little effect on the germi¬ 
nation of the oospores. The oospores which germinated at room tempera¬ 
ture branched extensively. The medium used seemed to make little differ¬ 
ence; good germination was obtained on agar, malt, potato dextrose, coru- 
seedling agar, bouillon, and in soil agar. Neither aerial hyphae nor conidia 
were observed to form on the germ tubes. Occasionally, the ends of the 
branched tubes were enlarged, but in no case did such enlargement suggest 
the formation of a sporangium. Just how long these germ tubes would live 
in media or in water was not determined. The nature of the activity of the 
cytoplasm in the germinating oospore suggests that the germ tube might 
continue to live and grow for several days because of the large food reserve 
in the endosperm. 

Department of Botany and 

Iowa Agricultural Experiment Station, 

Iowa State College, Ames, Iowa. 
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DISEASES, NEW TO CITRUS, FOUND IN PALESTINE 
I. Beicheet 


During 1928 and 1929, a very important period in the development of 
the Citrus industry in Palestine, there appeared in this country some dis¬ 
eases entirely new to Citrus. Some of them appeared in a very grave form 
and caused much alarm among local growers. As these diseases are new 
to science they deserve to be made known to Citrus pathologists in other 
countries. 

LITTLE LEAF 

The growth of young orange and grapefruit trees, budded in the fall of 
1927, was checked. The branches became stunted, the joints shortened, the 
leaves smaller, sometimes mottled, and frequently burnt at their tips (Fig. 
1, A). The new branches did not bend downwards, as normally, but re- 



Fig. 1. A, Young orange tree affected with little leaf. (Photograph by J. Perlberger.) 
B. Nonbudded sour-orange tree girdled by the spot disease. 

(Photograph by F. Littauer.) 
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mained upright and formed a bush-like growth resembling, to a certain 
extent, the type of yellows and little-leaf diseases known in other fruit trees 
( 11 ). 

Many suggestions as to the possible cause of the disease, such as over- 
manuring, overwatering, etc., have been advanced by the growers, but none 
has been acceptable. 

Cultural and histological examination of the diseased parts of the tree 
have not revealed any positive agent (7). The disease seems to be of a 
physiological nature, connected with the evaporation of the soil moisture 
and with the heavy loss of water from the young trees after being cut back. 
The low rainfall and long hot spells of 1928 caused an unusual desiccation 
of the young trees. The possible loss of calcium accumulated in terminal 
partfe of trees during the hot spells by the usual cutting back of the stock as 
well as the pinching back of the young trees may also not be excluded (4). 

STEM SPOTS 

In the month of May, 1928, there appeared on the western side of non- 
budded one-year-old seedlings, especially sweet lemon, 10-20 cm. high from 
the collar, yellow sunken spots which spread and finally girdled the entire 
stem. As long as the spot was confined to one side of the seedling the 
branches of the affected side began to yellow and wither. Later on, when 
the whole stem had been involved, the entire crown withered and died (Fig. 
1, B). The affected wood behind the spot had a dark grey appearance. The 
cortex bore on its surface dots of Alternaria fascicles. The wood vessels 
behind the spots were found invaded by a mycelium, a pure culture of which 
has not yet been obtained (8, 10). 

Similar spots were found on young trees budded in the previous fall, but 
no case was known of a spot girdling a budded tree. The necrotic discolora¬ 
tion of the tissue did not go farther than half way up the stem. The wood * 
tissue behind these spots also was found invaded by a mycelium. The dam¬ 
age caused by the second type of spot was particularly great. The disease 
seems to be of parasitic nature, but some contributing influence of climatic 
conditions, such as sun, winds, marine humidity prevailing on the western 
side, etc., must also be taken into consideration. 

DYING BACK OF STOCK STUB*-, 

A month after the upper part of the stock ci Thudded trees had been cut 
back (m April, 19S$), the remaining stubs began to die back. The affected 
part turned brown $nd the disease spread downwards to the collar. When 
it reached the %ud, the <pewn began to wither and die back. Sometimes it* 
happened th&^tmly the Ale of the stub opposite the scion had been affected 
and then tije malady spread down to the collar without impairing severely 
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the growth of the tree. The wood tissue of the necrotic parts showed abun¬ 
dance of mycelium in the vessels. The fungus has not yet been isolated. 
This disease was found in one case to attack 12 per cent of the trees Of a 
young orchard (8). 

SPOTS BELOW THE SCION 

This disease appeared especially in 1930. Its characteristic features are: 
the appearance of brown necrotic spots in the inner bark and wood close 
under the scion of two-year-old trees. A stunted growth is always asso¬ 
ciated with the appearance of these spots. The brownish wood tissue is filled 
up with abundance of fungus hyphae, similarly to the former case. 

It is believed that this disease is a later stage of the former one—the 
dying back of stock stubs. In all these cases the stubs had certainly been 
affected but unnoticed by the grower who cut them back later. Then the 
malady spread downwards and caused the brown spots. 

STEM ROT 

The characteristic symptoms of this disease are the cracking and peeling 
up of the 'stem cortex and a discoloration of the wood below it. The under 
side of the cortex and the upper side of the stem wood are closely covered 
with numerous sclerotia of Rhizoctonia batatirola (Taub.) Butler (9). 
The rot can be traced down to the roots, where the trouble seems to start. 

The association of Rhizoctonia bataticola with Citrus stem and root rot 
hitherto has been reported only from Ceylon (12) where the disease has 
been found on orange and lime, from the West Indies (2) only on lime, and 
from Rhodesia (6) only on the orange. Since Ashby (1) and Haigh (5) 
have shown the existence of 3 strains—A, B, C—in R. bataticola character¬ 
ized by the difference in size of the sclerotia (strain A produces sclerotia of 
about 1 mm., B of about 200 p, and C of about 100 p), it is doubtful whether 
the strains of R. bataticola associated with the Citrus root rots in the above 
countries are identical. The Palestine strain is in any case not identical 
with that of Rhodesia. The sclerotia described by Hopkins (6) are of the 
A-strain type, whereas our fungus belongs to the C strain. Whether the 
Ceylon and West Indies sclerotia belong also to the C strain has yet to be 
determined. 

Whether Rhizoctonia bataticola is the primary cause of collar and root 
rot of trees, as believed by Small (13), or is of secondary nature, according 
to Oadd (3), can not yet be said with certainty. 

Palestine Zionist Executive, 

Agricultural Experiment Station, 

Division of Plant Pathology, 

Tel Aviv, Palestine. 
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PHYTOPATHOLOGICAL NOTES 


Citrus Diseases New to Palestine. —In the course of a recent trip 
through the citrus-growing sections of Palestine the writers encountered the 
following diseases not previously recorded in Palestine. These were found 
only in a few places and are not of general distribution. 

Exanthema: This disease was found on orange in sandy soil in an orch¬ 
ard not far from the sea. The “stag-horn” appearance of the branches, 
shortened nodes, multiple buds, curved branches, and stained terminals 
were evidence of the disease, but the gum pockets usually found on the 
twigs in connection with the disease elsewhere were absent. This disease 
is not to be confused with little leaf, 1 which has an entirely different 
appearance. 

Sclerotinia twig blight: This twig blight, caused by Sclerotinia sclero- 
tiorum (Lib.) Massee ( Sclerotinia libertiana Fuckel), was found on a 
few twigs of lemon trees, Citrus lemonia. The dead whitened twigs with 
formation of selerotia on the surface indicated the disease. It was not 
found generally and, up to the present, is of no economic importance in 
Palestine. The same fungus, however, was doing much damage to bananas 
in the Jaffa district in 1929-1930, as was found by the Division of Plant 
Pathology of the P. Z. E. Agr. Exp. St., Tel-Aviv. Oranges inoculated in 
the laboratory at that time contracted sclerotinia rot. On this basis it 
was predicted that the disease would soon be found on Citrus in Palestine. 

Mai secco: This disease on the twigs, as described by Petri and as distin¬ 
guished from blast and anthracnose, was found in two orchards on lemon, 
sour orange, citron (Etlirog), and possibly sweet lemon. The dying back 
of twigs and the pink discoloration of the wood occurring at considerable 
distances from the discolored bark and dead end of twigs was like that seen 
in Sicily. The small-spore Phoma-like fungus was isolated. 

Psorosis: This disease, though mentioned once before, 2 is not yet to be 
considered a serious disease in Palestine. It was identified certainly only 
in one orchard on Valencia trees. What appeared to be psorosis was also 
seen in a few old orange groves. Its presence on these trees, however, was 
somewhat doubtful.—I. Reiciiert and H. S. Fawcett, Tel-Aviv , Palestine , 
and Citrus Experiment Station , Riverside , Calif. 

1 Reichert, I. Palestine Citrograpli, 1, No. 11/12, 16-17. 1928. 

2 Ryerson, K. A. The horticultural possibilities of Palestine. Rep. of experts sub¬ 
mitted to Joint Palestine Surv. Comm., p. 287. 1928. 
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Die-back of elm in Minnesota . 1 —During the past two years there has 
been considerable dying back of elms in Minnesota. The damage seems to 
be chiefly in nursery stock 10 to 15 feet high, although the disease also 
occurs in small stock and in larger shade trees. During the summer of 
1929 the disease was prevalent throughout the nurseries of the State, sug¬ 
gesting that it may have been present for several years. The number of 
infected shade trees is yet small, but in some nurseries as high as 25 to 50 
per cent of the larger stock is infected. 

The causal organism appears to enter through the tips of the branches 
and works downward through the wood and bark until it reaches the roots. 
Tn one shade tree (15 feet high) in St. Paul the fungus had reached the 
roots and killed the entire tree the second season after the first wilting was 
observed. The path of the organism through the wood is marked by brown¬ 
ish streaks that may be in a definite ring, as those described for Oraphium 
vlmi Schw. in Europe, or, as is more often the case, diffused throughout the 
wood. The organism finally extends into the cambium and phloem, killing 
these tissues, but this may not occur until after the leaves have wilted. In 
many cases the organism appears to invade the cambium and phloem first, 
causing reddish, sunken cankers. 

Isolations made from diseased trees in St. Paul, Minneapolis, Albert 
Lea, Owatonna, Virginia, Hamel, and Lake City, Minnesota, showed that 
one fungus w T as constantly associated with the disease, although other organ¬ 
isms were sometimes present, especially in dead and dried areas. As no 
fructification of the fungus has been found on elm, positive identification 
has not been made. In culture, groups of abortive pycnidia containing 
minute, hyaline, elongate spores are borne in stromata. This places the 
organism among the Sphaeropsidales, possibly near Cytosporella. 

About 50 healthy, vigorously growing elms, 2 to 5 feet high, were inocu¬ 
lated during August, 1929, by placing mycelium in agar on freshly exposed 
wood and covering the inoculum with grafting wax or adhesive tape. When 
the leaves dropped in the fall no infection had occurred in many of the trees, 
and in those that became infected the fungus had advanced only 1 to 2 cm. 
from the point of inoculation. Later, larger trees (1 inch in diameter) 
were transplanted to the greenhouse and inoculated in a similar manner. 
Three months after inoculation the trees were dead, the stems being girdled 
at the point of inoculation and the discoloration extending 5 to 30 cm. from 
the wound. Transplanting and environmental conditions had noticeably 
reduced the vigor of these trees. Reisolations showed that the original 
fungus was present in the diseased areas. Additional inoculations will 

* Published frith the approval of the Director as Paper No. 943 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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have to be made on vigorous trees in the field in order to determine whether 
the fungus can kill vigorously growing trees. 

Many of the diseased elms in nurseries were in very poor condition, some 
quite evidently suffering from severe hail and insect injury; others, perhaps 
from too close cultivation and undercutting, which had reduced the root 
system severely. In other cases (except for the disease in question), the 
trees appeared healthy. Observations and inoculations so far made have 
not shown satisfactorily how virulent the pathogene is and to what extent 
it will develop in healthy trees. That it is constantly associated w’ith the 
disease and can kill weakened trees seems, however, to be definitely estab¬ 
lished. Further investigations are under w T ay.—A. F. Verrall, University 
Farm , St . Paul, Minn. 
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i At the 1928 meeting, the incoming and outgoing officers of the Society were 
directed to prepare a revision of its constitution. This was done, and the proposed 
changes which were submitted to members one month in advance of the 1929 meeting 
were later approved by the Society in session at Des Moines. The last printing of the 
constitution was in Phytopathology, Vol. 15, No. 10, October, 1925. 
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ARTICLE VI 

ELECTION OF OFFICERS 

The Secretary-Treasurer shall send nomination ballots for offices to each member of 
the Society in time to allow all nominations to be returned not less than two months 
before the date of the annual meeting. The Council shall make nominations for any 
office when such nominations are wanting. The three candidates for each office receiving 
the highest number of nominating votes shall be placed upon a final ballot, which shall 
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ARTICLE VII 

EDITORS, COMMITTEES, AND APPOINTMENTS 

The Editors of the official organ of the Society shall be selected by the Council 
subject to the approval of the Society. 

Temporary or standing committees may be appointed at the discretion of the Society. 

Unless otherwise directed, the President shall appoint all temporary committees that 
are to serve during his administration and shall fill all vacancies on standing committees 
that may occur during his term of office. 

ARTICLE VIII 

MEETING 

An annual meeting shall be held at such a time and place each year as the Council 
may select, and additional meetings, including special or local meetings, for the presen¬ 
tation of papers, may be arranged by the Council at its discretion. 

ARTICLE IX 

DIVISIONS 
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STANDING RULES 

The rules under which The American Phytopathological Society operates are as 
follows: 

PHYTOPATHOLOGY 

1. The official publication of the Society shall be Phytopathology. 

, Officers. The officers of Phytopathology shall be an Editor in Chief, term 
three ye#*s; three Editors, terms three years; twelve Associate Editors, 
terms tfeeee years, four selected each year; Business Manager, term one 
year^ and Advertising Manager, term one year. 

; Selection of Officers. The Editor in Chief and the Business Manager shall 
' be selected by the Cornell and approved by the Society. The Editors and 
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the twelve Associate Editors shall be selected by the Council in consulta¬ 
tion with the Editor in Chief and approved by the Society. The Adver¬ 
tising Manager shall be selected by the Council in consultation with the 
Business Manager and approved by the Society. 

c. Subscriptions, Back Numbers. Subscriptions to Phytopathology for institu¬ 
tions and nonmembers shall be $6 per year in the Vnited States and de¬ 
pendencies, Mexico, and Cuba; Canada $6.25; other countries $6.50 The 
price of current single numbers shall be 60 cents. The price of back 
volumes and numbers shall be determined by the business manager with 
the approval of the Council. Separate copies will not be sold except in 
cases where the volumes are already broken. Requests to supply lost 
copies of the journal without charge must be made within sixty days 
from date of issue. 

DUES 

2. The annual dues for each regular member, including subscription to Phyto¬ 

pathology, shall be $5 per year, payable on December 20. The Business 
Manager of Phytopathology shall discontinue sending the journal to any 
members whose dues have not been received by December 20. 

PAPERS, ABSTRACTS 

3. Members desiring to present papers at the annual meeting must furnish to the 

Secretary-Treasurer carefully prepared abstracts presenting as clearly and 
concisely as possible the substance and conclusions of the papers, these ab¬ 
stracts to embody definite results and not to exceed two hundred words in 
length. 

a. Date Due. The Secretary-Treasurer is authorized to refuse abstracts received 

by him after the date on which they are due (Nov. 15). Members are 
requested not to submit titles or abstracts unless they intend to be present 
at the meetings. 

b. Number of No member shall be permitted to present more than two papers 

at any one meeting, except by invitation, and, in case of joint authorship, 
the paper shall be charged to the author presenting it. 

c. Editing of. All abstracts shall be submitted to an editorial committee of at 

least three selected by the Editor in Chief of Phytopathology, and this 
committee will edit the abstracts in the same manner as original articles 
published in Phytopathology. 

programs 

4. The program for the annual meeting shall be in charge of a program committee 

consisting of the President, Vice President, and Secretary-Trea surer. To 
relieve congestion the program committee is authorized to schedule simul¬ 
taneous sessions when necessary. 

divisions 

5. The following provisions shall govern the organization and regulation of Divi¬ 

sions of the Society. 

a. Name of. Divisions shall use the name of the parent Society with the ap¬ 
propriate geographical term, for example, The American Plivtopathologi- 
cal Society, Pacific Division. 
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b. Membership, Divisions shall elect to full membership only members of The 

American Phytopathological Society, but each Division may elect asso¬ 
ciate members under such rules as it may adopt. 

c. Publication. The proceedings of Divisions shall be printed in Phytopathol¬ 

ogy. The preliminary abstracts of the Division meetings may, at the dis¬ 
cretion of these Divisions, be printed in Phytopathology under the same 
rules that govern publication of abstracts of the general Society. This 
rule, however, shall not be interpreted as limiting the present right of the 
Editorial Board of Phytopathology to define the character and amount 
of any manucript for publication. 

d. Meetings of. Whenever The American Phytopathological Society meets 

within the territory of a Division, the Division shall merge its program 
with that of the parent Society. The scientific sessions of such a meeting 
shall be presided over alternately by the President of The American 
Phytopathological Society and the President of the Division. Business 
sessions may be independent. 

e. Constitution of. The constitution or articles of organization of all Divisions 

shall contain a provision or provisions ratifying the above rules. The 
constitution of all Divisions shall contain nothing in conflict with the con¬ 
stitution of The American Phytopathological Society. With the excep¬ 
tions defined by the above rules, the Divisions shall enjoy complete 
autonomy. 

secretary's expenses 

6. Unless otherwise ordered, the Secretary-Treasurer and the President, or, in case 

of his inability to attend, the Vice President, are authorized to attend the 
annual meetings of the Society at the Society's expense. 

AUDITING COMMITTEE 

7. At each annual meeting the President shall appoint an auditing committee to 

audit the accounts of the Secretary-Treasurer of the Society and the Busi¬ 
ness Manager of Phytopathology. 

UNION or BIOLOGICAL SOCIETIES 

8. The Society shall participate in the work of the Union of American Biological 

Societies and designates its Secretary-Treasurer and Editor in Chief of 
Phytopathology as itB representatives unless otherwise voted. 

BIOLOGICAL ABSTRACTS 

9. The Society shall provide for a standing committee of five with terms of five 

years, one member being chosen each year, to cooperate with the Board of 
Editors of Biological Abstracts. 

crop protection institute 

10* Representation on the Board of Governors of the Crop Protection Institute shall 
* be provided for by three trustees, with three-year terms, one selected each 
Year, these trustees to be chosen bv the Conncil. 
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NATIONAL RESEARCH COUNCIL 

11. Representation on the Division of Biology and Agriculture of the National 

Research Council is provided for in the following way. The various societies 
represented in the Division are classified into groups. This Society and the 
Society of American Bacteriologists constitute Group Y. This group, as is 
the case with the others, likewise is entitled to one representative. Each 
Society shall designate an elector and an alternate for three-year terms. 
The two electors are to choose the representative on the Division for Group 
V, either one of themselves, or a member of one of the societies, the societies 
being taken in rotation. The term of the representative shall be three years. 
The elector from the society not having the representative on the Division 
in a given period, or some other member whom the Society may select, shall 
serve as an advisory representative without vote, and without expenses paid 
by the National Research Council, and may attend divisional meetings to 
present directly any business of his society. 

The elector and alternate of The American Phytopathological Society, 
terms three years, shall be selected by the Council of the Society and 
approved by the Society. 

OTHER REPRESENTATIVES 

12. The following shall be selected by the Council and approved by the Society: two 

representatives on the Council of American Association for the Advancement 
of Science for one-year terms; one trustee on the Tropical Plant Research 
Foundation for a five-year term, and one member of the Editorial Board of 
the American Journal of Botany for a three-year term. 

AMENDMENTS 

13. These rules may be amended by a majority vote of the members voting at any 

regular meeting of the Society. 

ANNUAL WINTER MEETING 

The American Phytopathological Society will meet in Cleveland, Ohio, 
during the period Tuesday, December 30, 1930, to Thursday, January 1, 
1931, sessions being held at Western Reserve University. Headquarters 
will be at the Hotel Hollenden. Joint meetings w r ith other organizations 
are planned as follows: (1) with Section G on Tuesday afternoon, the 
papers being of general interest, and (2) with the Mycological Section of 
the Botanical Society of America on Wednesday morning in a de Bary 
Memorial program. Simultaneous sessions have been scheduled for presen¬ 
tation of a large number of interesting papers dealing w T ith recent develop¬ 
ments in research. On Tuesday afternoon provision has been made for a 
conference on extension work in plant pathology. The annual dinner will 
be held at 7:00 P. M., Tuesday, December 30, 1930, at a place to be 
announced later. As usual, details of arrangements will be mailed to all 
members. 
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New species in blackface type 


Abbott, E. V., A {new host of sugar-cane 
mosaic, 109; Stem-rust infection of 
Khapli emmer and Hope wheat in Peru, 
143 

Abies, amabilis, Scleroderris abieticola on, 
559-561; concolor Lindl. and Gk>rd., 
white fir, Polyporus dryadeus, root para¬ 
site on, 758-759; grandis, Scleroderris 
abieticola on, 559-561 
Acetic acid, used to sterilize wood blocks, 
449-450 

Acidity, reactivation of tomato-mosaic 
virus by, 948 

Actinomyces scabies, relation of climate 
1 to infection of potatoes by, 283 
Additional data on the distribution of two 
species vf Sphaceloma, 450 
Agaricus campestris, infested with My- 
cogone pemiciosa, 76 
Aging, effect on bean-mosaic virus, 883- 
888 

Agrostis palustris, smut of, 65 
Alcohol, effect on bean-mosaic virus, 883- 
888 

Alder, a new canker of, 854 
Aleurites fordi Hemal., tung-oil tree, bac¬ 
terial disease of, 756-758 
Aleyrodes vaporariorum, not vector of 
bean mosaic, 480 

Alfalfa, differentiation of symptoms and 
effect of leaf-hopper feeding on histol¬ 
ogy of leaves, 121 

Alkalinity, inactivation of tomato-mosaic 
virus by, 947-948 

Allium cepa, presence of mycelium of 
Peronospora schleideni in flowers of, 
139 

Almond, flowering, Prunus glandulosa 
Thunb., blight of, 265 
Aluminum, gel, mosaic virus of tomato 
purified with, 943-944 
Alyssum odoratum, Rhizoctonia disease of, 
587-590 

American Phytopathological Society, re¬ 
port of twenty-first annual meeting, 453- 
465; summer meeting, 451 


Anatomy, of host plant, affecting path of 
migration of Bacterium tumefaciens, 

m 

Angell, H. B., J. C. Walker, and Karl 
Paul Link, The relation of proto- 
catechuic acid to disease resistance in 
the onion, 431-438 

Anthracnose, privet, further Btudies of, 
257-261 

Aphelenchus fragariae, strawberry dwarf 
due to, 669-672 

Aphids, carriers of plant viruses, 133; ex¬ 
periments in raspberry-curl transmis¬ 
sion by, 788-793, 800-801; relation to 
fern-leaf of tomato, 35; vectors of bean 
mosaic, 479 

Aphis, rubiphila, raspberry curl transmit¬ 
ted by, 788-793, 800-801; rumicis, vec¬ 
tor of bean mosaic, 479 

Aplanobacter michiganense, albino strain 
of, 141 

Apparatus for obtaining sterile filtrates, 
569-573 

Apple, callus knots in absense of crown- 
gall organism, 124; crown gall and hairy 
root, seasonal development of, 124; 
grafts, histology of callus knots on, 124; 
Gymnosporangium globosum on, in 
Iowa, 123; scab, control, fall applica¬ 
tion of fungicides in relation to, 122; 
scab, control with flotation sulphurs, 
539; seedlings, longevity of Phyllosticta 
solitaria on, 841-848; simple method 
of inoculating, 101; Bpray burn, caused 
by freezing of flowers, 903-906; spray- 
oil injury in, 122 

Aristida glauca, floret sterility, 673-675 

Ascochyta pisi, comparison with Phyl¬ 
losticta rabiei, 591-^592 

Aspergillus spp., causing moldiness in 
wooden staves, 579 

Aster, wilt and yellows, further progress 
with control of, 129; yellows, transmis¬ 
sion of, to tomato, 129 

Asterocystis radicle, occurrence in roots 
of cereals, 677-680 
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AtropelMs, gen. nov., 561; A., species on 
conifers, 555-567 

Avene, physiologic specialisation in Puc- 
cinia coronata avenae, 14£ 

Avocado, sun-blotch disease, 852 

Bacillus, atrosepticus, relation of climate 
to infection of potatoes by, 285-286; 
carotovorus, causing Boft rot of cabbage, 
857-872; carotovorus Jones, pathogene 
of black leg of potato, 743-751—com¬ 
pared with B. phytophthorus Appel, B. 
atrosepticus van Hall, B. solanisoprus 
Harrison, B. melanogenes Peth. and 
Murph., 744-749; phytophthorus, sur¬ 
vival of, in the soil, and some factors 
influencing infection, 127; phyto¬ 
phthorus, transmitted by seed-corn mag¬ 
got and seed-potato maggot, 128 

Bacteria, plant-pathogenic, growth in 
synthetic culture media, 723-731 

Bacterial, canker of tomatoes, control, 
127; canker of tomatoes, present status 
of, 126; disease of tung-oil tree, 756- 
758; leaf disease of tobacco, in Philip¬ 
pines, 691-706—see Tobacco; spot of 
radish and turnip, 653-662 

Bacteriophage, specific for Pseudomonas 
tumefaciens, 289-305 

Bacterium, angulatum, a control of, by 
spraying tobacco in the field, 527-529; 
medicaginis phaseolicola and Bact. 
puerariae, the relationship of, 140; 
tabacum, migration of zoogloeae, 187- 
195; tumefaciens, host relationship of, 
179-186; veslcatorlum var. raphani, 
radish and turnip spot due to, 653-662 

Bailey, Alice A., see Ramsey, G. B 

Baker, Kenneth, see Heald, F. D. 

Bamberg, R. H., A bacterium antibiotic 
to Ustilago jseae, 140 

Ban field, W. M., Cane gall of black rasp¬ 
berry, 123-124 

Barium pent^thionate, preparation of, 397- 
400 ^ 

Barley, covered smut, 8flf|£p71; effect of 
boron oA powdery ISew and spot 
blotch 347-972; feeding scab-in- 
fecled, ltej * tpbberella-infeeted, emetic 
atibstaneftnii, 13^host specialisation.of 


rust, 873-882; losses in Iowa from dis¬ 
eases in, 368; mildew Erysiphe graminis 
hordei Marchal, physiologic forma of, 
229-239; mildew, inheritance of resis¬ 
tance to, 119; mildew, physiologic forms 
of, 142; scab, progress report on, 131; 
scab-resistant varieties, 132; scabby, 
some feeding tests with, 132; Sclero- 
spora macrospora in, 107? stripe, control 
of, 367-390; stripe (Helminthosporium 
gramineum), control of, 119 
Barrett, J. T., see Smith, C. O. 

Barss, H. P., European and American 
brown-rot blossom blight in western 
Oregon, 855; Some experiments in fresh- 
fruit disinfection, 854 
Basidiomycetes, growth of, and ultra-vio¬ 
let light, 965 

Basisporium gallarum, development of 
corn-ear rot from pure-culture inocula¬ 
tions with, 118; seedling blight of corn, 
seed treatments for, 150, 159, 160, 161 
Baxter, Dow V., A brush treatment of 
moldy staves, 575-582 
Bean, effect of cyanide fumigation on, fol¬ 
lowing spraying with Bordeaux mixture, 
422-425; halo-blight organism, identity 
of kudzu halo spot with, 140; mosaic, 
control of, 490; mosaic, cytological and 
bacteriological investigations of, 133; 
mosaic, properties of virus, 883-888; 
mosaic, relation of date of planting to 
amount of seed infection, 488-489; 
mosaic, relation of maturity of pod to 
amount of seed infection, 487-488; 
mosaic, relative susceptibility of plants 
at different stages of growth, 490; 
mosaic, seed transmission of, 485-489; 
mosaic, transmission of, 477-482 
Beans, lima, mutilated seed a contributing 
factor in defective stands of, 134 
Beet, sugar, curly top,,factors influenc¬ 
ing^ incubation period in leaf hopper, 93- 
100 

Beetles, not vectors of bean mosaic, 480 
"Beets, sugar, curly top of, 169-178 
‘ Bennett, C. W., Further observations on 
the curl disease of raspberries, 787-80J 
Biological fluids, sterile filtrates of, meth¬ 
ods of obtaining, 569-973 
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Black leg, of potato, conditions determin¬ 
ing induction by maggots, 128; of po¬ 
tato, identity of pathogene of, 743-751; 
potato, survival in soil and some factors 
of infection, 215-228 

Blank, L. M., Pathogenicity of a number 
of collections of the cabbage-yellows 
organism, 114 

Blight, leaf and twig brown spot, follow¬ 
ing peach-leaf curl, 265-266; of flower¬ 
ing almond, Primus glandulosa Thunb., 
265; -resistant potatoes, 987-991; Sclero- 
tinia twig, of Citrus, 1003 
Buss, Donald E., Control of yellow-leaf 
disease of cherries, 123; The occurrence 
of Gymnosporangium globosum on Pyrus 
malus in Iowa, 123 

Blissus leucopterus, injuries caused by, 
compared with wheat take-all symptoms, 
907-909 

Blodgett, F. M., see Taylor, C. F.; and 
and E. O. Mader, A method of recording 
the distribution of copper dusts or 
sprays on leaves, 137 
Blood, H. L., see Doolittle, 8. P. 

Blue mold, tulips, 850 
Bodine, E. W., and L. W. Durrell, Inocu¬ 
lation of wheat with Tilletia levis 
(Kuhn), 663—668 
Bohstedt, G., see Roche, B. H. 

Bonds, Reiner, The cabbage maggot as a 
disseminating agent of bacterial rots in 
the Cruciferae, 128; see Schultz, E. S.; 
Some conditions determining potato- 
seed-piece decay and black leg induced 
by maggots, 128 

Book review, Comparative morphology of 
fungi, 197-198; Handbook of chemistry 
and physics, 689-690; Host index of 
the fungi of North America, 595-596; 
A monographic study of sweet-potato 
diseases and their control, 198-200 
Bordeaux, mixture, as control of angular 
leaf spot of tobacco, 527-529; mixture, 
compared with zinc-lime-spray mixture 
in control of angular leaf spot of to¬ 
bacco, 527-529; mixture, cyanide fumi¬ 
gation following spray with, 419-429; 
sprays, measuring effectiveness, 855 
Boron, deficiency, inducing pathological 
changes in citrus, 855; effect of, on 


powdery mildew and spot blotch of bar¬ 
ley, 967-972 

Botjes, J. G. OoRTwuN, see Quanjer, H. 
M.; and H. M. Quanjer, Top necrosis 
in the potato, 138-139 
Botrytis, paeoniae, varietal susceptibility 
of peony to, 523-525; rot of fruits, 852; 
- sp., cinerea type, in sulphur-toxicity 
tests, 393-396, 410, 414 
Bourne, B. A., Occurrence of the ring- 
spot disease of sugar cane in Florida, 
364-365 

Boyd, O. C., A bacterial disease of tung- 
oil tree, 756-758; see Bryan, Mary K. 
Bratley, C. O., Notes on flooding injury 
to strawberries, 685-686 
Brewer, P. H., H. R. Kraybill, R. W. 
Samson, and M. W. Gardner, Purifica¬ 
tion and certain properties of the virus 
of typical tomato mosaic, 943-950 
Brittingham, W. H., see Hill, J. B. 
Brown, A. N., see Newton, Margaret 
Brown, B. E., Note regarding a possible 
influence of soil reaction on develop- 
of powdery mildew on cowpeas, 683-685 
Brown, J. G., Slimy rot of head lettuce, 
126 

Brown rot, blossom blight, 855; leaf and 
twig blight following peach-leaf curl, 
265-266 

Brush treatment of moldy staves, 575-582 
Bryan, Mary K., An albino strain of 
Aplanobacter michiganense, 141; Bac¬ 
terial canker of tomatoes—present status 
of the disease, 126; and O. C. Boyd, 
Control of bacterial canker of tomatoes, 
127 

Buisman, Christine, The Dutch elm dis¬ 
ease, 111-112 

Bunt, probable explanation of recent 
epidemics in durum wheats, 353-357; 
wheat, see Smut, covered 
Burkholder, WalteA H., The genus Phy- 
tomonas, 1-23 

Burnett, Grover, and Leon K. Jones, 
In contrast with seedling stock, appar¬ 
ently healthy potato tubers are virus 
carriers, 854—855 

Burnett, L. C., see Reddy, C. 8. 

Business, miscellaneous, 464 
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Butler, O., and B. B. Jenkins, Effect on 
plants of cyanide fumigation following 
spraying with Bordeaux mixture, 419- 
499 

Cabbage, effects of potash and phosphorus 
on tipbum and mildew of, 397-318; 
maggot, as disseminating agent of bac¬ 
terial rots in the Cruciferae, 128; mag¬ 
got, relation to spread and development 
of soft rot of Cruciferae, 857-872; na¬ 
ture of yellows resistance in, 114; soft 
rot, caused by Bacillus carotovorus, 857- 
872; yellows organism, pathogenicity of 
collections of, 114 

Canker, of apple, 851; on alder, 854 
Carlyle, E. C., see Ezekiel, W. N. 
Carnation rust, control of, with sulphur, 
363-364 

Carrier of curly top of sugar beets, 169- 
178 

Carrot, yellows transmitted by six-spotted 
leaf hopper, Cicadula sexnotata, 920- 
921 

Castor bean, migration of Bacterium tume- 
faciens in, 181 

Cephalosporium, seedling blight of corn, 
seed treatments for, 159, 160, 165 
Cereal varieties, report upon scab-resis¬ 
tant, 132 

Cereals, roots parasitized by Asterocystis, 
677-680 

Characteristics, cultural, of physiologic 
forms of Sphacelotheca sorghi, 241-249 
Chemical dusts, fungicidal efficiency of, 
147-168 

Chen, H. K., see Porter, B. H. 

Cherries, yellow-leaf disease, control of, 
123 

Cherry, a graft-infectious disease of, 853; 
leaf spot, control with flotation sulphurs, 
551; leaf-spot fungus, Mycosphaerella 
cerasella Aderh., 329-337 
Chick-pea, Phyllosticta rabiei on, 591-593 
Chinch bugs, injury caused by, compared 
with that gf take-all, 907r909 
Chlorosis, infectious, of avocado, 852; in¬ 
fectious, of tltf rose, 130 
Chufp, Charles* Effects of potash and 
phbsphonp''Ua tfptrorn and mildew of 
cabbage, mmmM 


Cicadula sexnotata (Fall.), six-spotted leaf 
hopper transmitting carrot and parsley 
yellows, 920-921 

Cicer arietinum, Phyllosticta rabiei on, 
591-593 

Citrus, diseases new to, found in Palestine, 

999- 1002; diseases new to Palestine, 
1003; dying back of stock stubs of, 

1000- 1001; exanthema of, 1005^ little 
leaf of, 999-1000; mal secco of, 1003; 
psorosis of, 1003; scab, insect dissemina¬ 
tion of, 345-351; Sclerotinia twig blight 
of, 1003; some microscopical studies on 
Penicillium decay of, 251-256; some 
pathological changes induced by de¬ 
ficiency of boron, 855; spots below the 
scion in, 1001; stem rot, 1001; stem 
spots of, 1000 

Cladosporium, citri, insect dissemination 
of, 345-351; herbarum, fungicidal ac¬ 
tion of ultra-violet radiation on, 959- 
964; herbarum, on apple fruit, 854; 
herbarum, perfect stage of, 854; spp., 
causing moldiness in wooden staves, 579 

Clara, Feliciano M., A new bacterial leaf 
disease of tobacco in the Philippines, 
691-706 

Climate, relation of, to potato diseases in 
Maine and Florida, 267-288 

Coccomyces hiemalis, control of, in cher¬ 
ries, 123 

Cochran, B. L., see Mundkur, B. B. 

Colletotrichum circinans, toxicity of onion 
extracts to, 431-437 

Comparative morphology of fungi, book 
review, 197-198 

Conifers, species of Atropellis and Sclero 
derris on, 555 

Control, barley stripe, 367-390; of angular 
leaf spot of tobacco by spraying in the 
field, 527-529 

Cook, H. T., The presence of mycelium of 
Peronospora schleideni in the flowers of 
Allium cepa, 139-140 

Cook, Melville T., The effect of some 
mosaic diseases on the cell structure and 
the chloroplasts, 142 

Cooley, J. S., Chemically treated wraps 
for the control of Botrytis rot of stored 
fruits, 852; and P. W. Miller, Studies 
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of perennial-canker disease of the ap¬ 
ple, 851-852 

Copper, compounds, in chemical dusts, 148; 
dusts or sprays on leaves, method of 
recording distribution of, 137 

Corn, cold resistance and susceptibility in, 
117; dry rot, caused by Diplodia fru- 
menti and three morphologically related 
species, 139; dry rot of, caused by 
Diplodia macrospora, 439—448; dry-rot 
seedling blights, seed treatments for, 
147-168; -ear rot, development of, from 
pure culture inoculations, 118; Fusarium 
moniliforme, 144; new Diplodia ear rot 
of, 733-742—see Diplodia frumenti; 
seed treatment, 147-168; smut, destroyed 
by bacterium, 140 

Corticium vagum, relation of climate to in¬ 
fection of potatoes by, 282 

Cotter, Ralph U., Factors affecting the 
development of the aecial stage of Puc- 
einia graminis, 139; see Stakman, E. C. 

Cotton, Phymatotrichum root rot, overwin¬ 
tering and spread of, 117; Phymatotri- 
chum root rot, soil reaction influencing, 
117; root rot, 761-785; root rot, con¬ 
trol with sulphur, 813-814; root rot, re¬ 
lation of weeds to, 775-777; root rot, 
report of conference, Temple Texas, 
889-894; root rot, soil-reaction effects 
on, 803-815; seed germination as index 
of health, 680-688 

Council, action of, 464 

Cowpeas, mildew of, soil reaction and, 683- 
685 

Crenshaw, J. H., Measuring duration of 
effectiveness of Bordeaux sprays to per¬ 
ennial canker-spores, 855 

Cromwell, Richard O., see Humphrey, 
Harry B. 

Crown, gall, bacteria, experiments, 856; 
-gall, organism, Btudies on movement in 
tomato plants, 817-829; -gall, organisms, 
movement of, in stems of tomato plants, 
125 ; gall, seasonal development of, 124; 
rot, of sugar beets, pathogenes concerned 
in, 622 

Cruciferae, cabbage maggot as disseminat¬ 
ing agent of bacterial rots in, 128; rela¬ 
tion of cabbage maggot and other in¬ 


sects to development of softrot of, 857- 
872 

Cucumber, effect of cyanide fumigation 
on, following spraying with Bordeaux 
mixture, 424-429; a new mosaic disease 
of, 113; resistance to mosaic, 114; virus, 
cause of tomato mosaic, 25 
Cultural characteristics of physiologic 
forms of Sphacelotheca sorghi, 241-249 
Cultures of Rickettsia-like microorganism, 
from Eutettix tenellus, 173; from sugar 
beet, 174 

Curly top, of sugar beets, 169-178 
Cyanide fumigation following Bpraying, 
419-429 

Dahl, Arnold S., Snow mold on turf 
grasses, 131 

Daisy, African, wilt of, 129 
Darrow, George M., and George F. 
Waldo, Cleaning up strawberry stock 
infested with root-gall nemas, 919-920 
Date, palm, disease, 852; palms, Diplodia 
disease of, 339-344 

Davis, W. H., A physiologic form of 
Ustilago striaeformis parasitizing or¬ 
chard grass, 144; Two physiologic forms 
of U. striaeformis (Westd.) Niessl, 65- 
74 

Dematium pullulans, fungicidal action of 
ultra-violet radiation on, 959-964 
Des Moines meeting of The American 
Phytopathological Society, 453 
Diabrotica, duodecimpunctata, not vector 
of bean mosaic, 480; vittata, not vector 
of bean mosaic, 480 

Dickinson, Lawrence S., The effect of air 
temperature on the pathogenicity of 
Rhizoctonia solani parasitizing grasses 
on putting-green turf, 597-608 
Dickson, Allan D., Karl P. Link, B. H. 
Roche, and James G. Dickson, Report 
on the emetic substances in Gibberella- 
infected barley, 132 

Dickson, James G., see Dickson, Allan 

D. ; see Roche, B. H.; R. G. S hands, P. 

E. Hoppe, Helen Johann, and E. B. 
Mains, Progress report on barley and 
wheat scab, 131 

Didymoaphaeria oregonensis, n. sp., as 
causing a new canker of alder, 854 



vi 


Index 


Die-back of elm in Minnesota, 1004-1005 
Diehl, W. W., Epholia-like conidia and 
floret sterility in Aristida, 673-675 
Dietz, S. M., see Mains, E. B.j and H. 
C. Murphy, Inheritance of resistance 
to Erysiphe graminis hordei, p. f. IV, 
119-120; and H. C. Murphy, In¬ 
heritance of resistance to Puccinia coro- 
nata avennae, p. f. Ill, 120 
Dilution, effect on bean-mosaic virus, 883- 
888 

Dimorphotheca aurantiaca, wilt of, 129 
Diplodia, frumenti, 439-447; frumenti, 
dry rot of com caused by, 139; fru¬ 
menti E. and E., causing new ear rot 
of corn, 733-742; gossypina, cotton¬ 
seed infected by, 687; gossypina, dry 
rot of com caused by, 139; macrospora, 
dry rot of corn caused by, 439-448; 
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vestigations of tomato streak, 134 
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168 V * . 
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357 

Dusts, copper, on leaves, method of record¬ 
ing distribution of 137 
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spot blotch of barley, 967-972; on 
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Electrophoresis of tobacco-mosaic virus 
855 1 
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mosaic, 480 
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cola, 555-567 

Flax, extracts of, toxic to fungi, 121; in¬ 
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linicola, 144; resistance of varieties to 
Phlyctaena linicola, 940 
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Fritz, Clara W., A new method of steril¬ 
izing wood blocks to be used for the 
culture of wood-inhabiting fungi, 449- 
450 
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Bordeaux mixture, 419-429 
Fungi, wood-inhabiting, a new method of 
sterilizing wood blocks to be used for 
the culture of, 449-450 
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action of ultra-violet radiation, 959- 
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and its host relationship, 179-186; stud¬ 
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sistance of watermelon genotype to, 116; 
sp., fungicidal action of ultra-violet 
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Gaumann, E. A., Comparative morphology 
of fungi, book review, 197-198 
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by a deficiency of boron, 855-856 
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Hurt, R. H., The waste sulphite liquor of 
paper mills as an adjunct to spray ma¬ 
terials, 111 


Hydnum omnivorum, 783 
Hydrogen, -ion concentration, relation to 
mycelial growth of ' Diplodia macro- 
spora, 444; sulphide, toxicity of, 400 
Hylemyia brassicae, cabbage maggot, in 
relation to spread and development of 
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Impatiens balsamea, bacterium associated 
with bundle blackening in, 108 
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637-652 

Injector, tree, 263 
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Insect vectors, inoculation with, method 
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Mogendorf, N., Fern-leaf of tomato, 25- 
46 

Moldy staves, treatment with steel brush, 
575-582 

Monographic study of sweet-potato dis¬ 
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bean, relative susceptibility of plants at 
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with the virus of, 141; tomato, fern- 
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stock infested* fHh, 919-920 

action of 

uhravvio^mdiat^ on, 959-964 


New method of sterilising wood blocks to 
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195 

Nuckols, 8. B., see Tompkins, C. M. 

Oats, Puccinia coronata avenae, inheritance 
of resistance to, 120; roots parasitized 
by Asterocystis radicis, 677-680 
Ocean spray, witches’-broom of, 851 
O’Donnell, Frank Getchell, biography 
of, 531-533 

Officers and representatives of The Ameri¬ 
can Phytopathological Society, 453 
Onion, inheritance of disease resistance in, 
115; mijdew, 139; relation of protocate- 
ohuic acid to disease resistance in, 431- 
438; yellow-dwarf, indexing as a con¬ 
trol measure for, 115 
Oospores of Sclerospora graminicola, ger¬ 
mination of, 993-997 

Ophiobolus graminis Sacc., injuries by, 
compared with those of chinch bugs, 
907-909 

Organic-mercury compounds, containing 
furan derivatives, fungicidal use of 118 
Ornamentals, pathology of, 112 
Overwintering of Diplodia macrospora, 
446 

Parker, E. B., see Horne, Wm. T. 

Parsley, yellows transmitted by six-spot¬ 
ted leaf hopper, Cicadula sexnotata, 920- 
921 

Pasmo disease of flax, 931-942 
Patel, M* K., see Muncie, J. H. 
Pathogenicity, of Diplodia macrospora, 
446; of forms of Phlyctaena linieola, 
938-940 

Pathological service, future, outlet for, 
112 

^Patty, F. A., Some experiments with 
erown-gall bacteria, 856 



Index 


xiii 


Paxton, G. E., see Bideris, C. P. 

Peach, brown rot, sulphur dust for con¬ 
trol of, in storage, 122; -leaf curl, 
brown-rot leaf and twig blight following, 
265-266; -leaf curl, control with dota¬ 
tion sulphurs, 547; yellows, a mosaic 
type near potatoes, 126 
Penicillium, decay of Citrus, some micro¬ 
scopical studies on, 251-256; digitatum, 
cause of decay of Citrus, 251-256; ex¬ 
pansum, inoculation into apple, 102; 
italicum, cause of decay of Citrus, 251- 
256; spp., causing moldiness in wooden 
staves, 579 

Pennington, Leigh H., In memoriam, 467 
Pentathionic acid, chemistry of, history, 
396-397; toxicity of, 400; toxicity of 
salts of, 409 

Peony, varietal susceptibility to Botrytis 
paeoniae, 523-525 

Perennia.l canker, measuring duration of 
effectiveness of Bordeaux sprays on, 
855; of apple, 851 

Peronospora schleideni, presence of my¬ 
celium of, in flowers of Allium cepa, 139 
Pestalotia spp. on rhododendron, 85 
Phaseolus vulgaris, mosaic, 469-494 
Phleum pratense, smut of, 65 
Phlyctaena linicola, influence of tempera¬ 
ture on, 934-937; pathogenicity of forms 
of, 938- 940; physiologic specialization 
in, 144; resistance of varieties of flax 
to, 940; Speg., physiologic specializa¬ 
tion and mutation in, 931-942 
Phoma betae, sugar-beet storage rot due 
to, 622 

Phosphorus, effects of, on cabbage mildew 
and tipburn, 307-318 
Phragmidium imitans, 850 
Phyllosticta, r&biei, on chick-pea, 591-593; 
solitaria, longevity of, in cold storage, 
841-848 

Phymatotrichum, omnivorum, 803-815; 
omnivorum, causing cotton root rot, 899- 
894; omnivorum, overwintering, 761- 
785; omnivorum, overwintering by 
conidia, 781-783; omnivorum, possible 
perfect stage, 783; omnivorum, relation 
of weeds to overwintering, 775-777; 
omnivorum, sclerotia as a means of over¬ 
wintering, 777-781; omnivorum, viabil¬ 


ity as compared with Fusarium vasin- 
fectum, 765; omnivorum, viability of, on 
overwintered roots, 763-768; root rot, 
control with Bulphur, 813-814; root rot, 
overwintering and spread of, 117; root 
rot, soil reaction as influencing, 117; 
root rot, soil reaction effects on, 803- 
815 

Physiologic, form of Puccinia triticina, an 
aberrant, 609-620; forms, of barley mil¬ 
dew, Erysiphe graminis hordei Marchal, 
229-239; forms, of Puccinia graminis 
tritici, hybridization of, 112-113; forms, 
of Sphaeelotheca sorghi, cultural char¬ 
acteristics of, 241-249; forms, of 
Ustilago striaeformis, 65; specialization, 
in Phlyctaena linicola Speg., 931-942; 
specialization, in Tilletia levis, 495-512; 
specialization, in Tilletia tritici, 495— 
512 

Phytomonas, the genus, 1; malvaceara, 
growth in synthetic culture media, 723- 
731; polycolor, n. sp., cause, new bac¬ 
terial leaf disease of tobacco, Philip¬ 
pines, 691-706; tumefaciens, in cane 
gall of black raspberry, 123; tume¬ 
faciens, movement in tomato plants, 817- 
829; tumefaciens, movement of, in stems 
of tomato plants, 125 

Phytophthora, cactorum, cause of die-back 
of rhododendron, 131; einnamomi, cause 
of rhododendron wilt, 131; heterothallie 
strains of, 201-214; infestans, potatoes 
resistant to, 989-991; -like fungi, in¬ 
oculations of Juglans with, 849; Meadii, 
causing heart rot of pineapple plants, 
953-957; Meadii, hosts of, 956; melon- 
genae, causing heart rot of pineapple 
plants, 953, 956-957; melongenae, hosts 
of, 956-957; on Artocarpus integrifolia, 
203; on Bryophyllum calycinum, 203; 
on Colocasia antiquorum, 203; on Ficus 
hispida, 203; on Jatropha curcas, 202; 
on Loranthus longiflorus, 202; on San- 
talum album, 202; studies of, in My¬ 
sore, 201-214 

Picea, sitcliensis, Atropellis treleasel on, 
562 

Pine, Atropellis pinicola on, 555-567; 
canker, caused by Atropellis pinicola, 
555-567 
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Pineapple, plants, heart rot of, 951-958; 
prophylaxis and control of heart rot of, 
957 * 

Phans, contorts, Atropellis pinicoia on, 
555-567; monticola, Atropellis pinicoia 
on, 555-567 

Plakidab, A. G., Pythium root rot of 
strawberries in Louisiana, 121-122 

Plant bug, not vector of bean mosaic, 480 

Pleospera herbarum, fungicidal action of 
ultra-violet radiation on, 959-964 

Polyporus dryadens, a root parasite on 
white fir, 758-759 

Porter, IX B., Pathogenicity of Fusarium 
niveum and the resistance of some water¬ 
melon hybrids, 116 

Porter, B. H., A new mosaic disease of 
cucumber, 113; The resistance of cu- 
cembers to mosaic, 114; H. K. Chen, 
and T. F. Yu, Smut resistance in millet, 
915-916 

Potash, effects of, on cabbage mildew and 
tipburn, 307-318 

Potassium pentathionate, preparation of, 
397-400 

Potato, black leg: survival of pathogene 
in soil and some factors influencing in¬ 
fection, 215-228; -black-leg pathogene, 
survival of, in the soil, and some factors 
influencing infection, 127; black leg, 
seed-corn maggot a carrier of, 127; dis¬ 
eases, relation of climate to, in Maine 
and Florida, 267-288; healthy tubers 
carry virus, 854; identity of black-leg 
pathogene, 743-751; leaf roll, American 
and European, identity of, 137; -leaf- 
roll transmission, 853; microscopic in¬ 
vestigation of 1 i pseudonetnecrosis 9 ’ and 
“Kringerigheid" of, 138; “pseudonet- 
■necrosis 1 ’ of, 137, 138 p velation of Jim- 
son weed to certain viruses, of, 136; 
-seed-piece decay; conditions determining 
induction by maggots, 128; seed treat¬ 
ment, effect on yield, 47; top necrosis, 
138? *virug diseases, insect transmission 
of, 136; finises in Montana, research 
•n, 186, - * - 

Potatoes, bBgfcOjtMittant, 080-991; dU- 

• eases of the s&Mk type in, 138; effect 
of pressuie In sp r aytug , with Bordeaux 
to r control leaf helpers aid djfliia, 


136; frost-tolerant, 987-889; Irish Gob¬ 
bler, viruses concerned in rugose mosaic 
of, and the weed host problem, 135 
Powdery mildew of barley, effect of boron 
on, 967-972 

Privet, anthracnose, further studies of, 
257 

Protocatechuic acid, isolation and toxicity 
tests, 434; relation to disease resistance 
in the onion, 431-438 

Primus glandulosa Thunb., blight of, 265 
Pseudomonas, translucens, 371; tumefac- 
iens, bacteriophage specific for, 289-305 
Pseudopythium phytophthoron, causing 
heart rot of pineapple plantB, 953-954, 
956; hosts of, 956 
Psorosis of Citrus, 1003 
Puccinia, anomala, host specialization of, 
873-882; coronata avenae p. f. Ill, in¬ 
heritance of resistance to, 120; coronata 
avenae, physiologic specialization in, 
143; glumarum, on wheat in Argentina, 
981-986; graminis, factors affecting the 
development of aecial stage of, 139; 
graminis, hybridization and mutation in, 
113; graminis, on barley, 368; graminis 
tritici, hybridization of physiologic 
forms of, 112; graminis tritici, infec¬ 
tion of Khapli emmer and Hope wheat 
in Peru, 143; triticina, aberrant 
physiologic form of, 609-620; triticina 
in Holland, physiologic specialization 
in, 145; triticina, in wheat, necrotic 
effect produced by wilting of suscepti¬ 
ble varieties, 120 

Purification of tomato-mosaic virus, 943- 
945 

Pyrenophora teres, 371 
Pyrus malus in Iowa, occurrence of Gym- 
nosporangium globosum on, 123 
Pythium, isolated from roots of sugar 
cane, 319-»328; root rot of strawberries 
in Louisiana, 121 

Quanjer, H. M., see Botjss, J. G. Oor- 
twijn; and D. L. Else, American and 
European leaf roll of potatoes, 137; and 
J. G. OobtwijN Botjrb, Diseases of the* 
streak type in potatoes, 138; T. H. 
Thung, and D. L. Else, “Pseudonetne- 
creeis” of the potato, 137 
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Baby, E. C., tee Klotz, L. J. 

Radiation, ultra-violet, fungicidal action 
of, 959-965 

Radish, bacterial spot of, 653-662 
Ramsey, G. B., and Alice A. Bailey, 
Effect of ultra-violet radiation upon 
sporulation in Macrosporium and Fu- 
sarium, 141; Late-blight tomato rot in 
California, 115 

Ranker, Emery R., Apparatus and method 
for obtaining sterile filtrates of biologi¬ 
cal fluids, 569-578 

Rankin, W. H., Probable identity of red 
and mild mosaic of black raspberries, 
125-126 

Raspberries, black, probable identity of 
red an mild mosaic of, 125; curl 
disease of, 787-802; virus disease of, 
787-802 

Raspberry, black, cane gall of 123; cane 
blight, relation to yellow rust, 850 
Rawlins, T. E., see Takahashi, William 
N., and W. T. Horne, A graft-infec¬ 
tious disease of the cherry, 853 
Red spider, not vector of bean mosaic, 480 
Reddick, Donald, Frost-tolerant and 
blight-resistant potatoes, 987-991 
Reddy, C. S., Fungicidal efficiency of 
chemical dusts containing furfural de¬ 
rivatives, 147-168; see Wilson, J. J.; 
and L. C. Burnett, Control of barley 
stripe (Helminthosporium gramineum), 
119; and L. C. Burnett, Development 
of seed treatments for the control of 
barley stripe, 367-390 
Reichert, I., Diseases, new to Citrus, 
found in Palestine, 999-1002; Suscepti¬ 
bility of American wheat varieties resis¬ 
tant to Tilletia tritici, 973-980; and H. 
S. Fawcett, Citrus diseases new to 
Palestine, 1003 

Rekowski, Charles W. de, In memoriam, 
466 

Relation of protocatechuic acid to disease 
resistance in the onion, 431-438 
Beport of r action of the council, 464; ad¬ 
vertising manager, 458; auditing com¬ 
mittee, 463; de Bary memorial program 
committee, 463; business manager of 
Phytopathology for 1929, 456; commit¬ 


tee on American type culture collection, 
462; committee on cooperation with bio¬ 
logical abstracts, 459 ;* committee on 
editing phytopathological abstracts, 460; 
committee on international relations, 
461; committee on investigations of 
foreign pests and plant diseases, 459; 
committee on necrology, 462; committee 
on phytopathological classics, 461; com¬ 
mittee on press, 461; committee on 
quarantine and regulatory work, 459; 
cotton - root - rot conference, Temple, 
Texas, 889-894; editor in chief of 
Phytopathology, 457; fourteenth annual 
meeting of the Pacific Division of The 
A meriean Phytopathological Society, 
849; representatives on the council of 
A. A. A. S., 463; resolutions committee, 
463; secretary-treasurer, 1929, 454; 

twenty-first annual meeting of The 
American Phytopathological Society, 
453-465 

Resistance, of tomato to Fusarium wilt, as 
affected by grafting, 519-521; of varie¬ 
ties of flax to Phlyctaena linicola, 940; 
to smut in millet, 915—916; to Tilletia 
tritici, infection and, 637-652; varietal, 
of peony to Botrytis paeoniae, 523—525 
Resistant selections for control of barley 
stripe, 367 

Reynolds, E. S., Extracts of flax varieties 
toxic to fungi, 121 

Rhamnu8, physiologic specialization in 
Puccinia coronata a\enae, 143 
Rhizoctonia, bataticola, associated with 
stem rot of Citrus, 1001; disease of 
sweet alyssum, 587—590; solani, air tem¬ 
perature affecting pathogenicity of, 597- 
608; solani, effect of seed treatment on, 
47; solani, on sweet alyssum, 587; solani, 
Solanum jameeii, a host for, 683 
Rhizopus nigricans, fungicidal action of 
ultra-violet radiation on, 959-964 
Rhododendron, pathogenicity of Pestalotia 
spp. on, 85; two Phytophthora diseases 
of, 131 

Rickettsia-like microorganism in Eutettix 
tenellus (Baker), the carrier of curly 
top of sugar beets, 169-178 
Rikman, G. H., The inheritance of disease 
resistance in the onion, 115-116 
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Biker, A. Ji, see IvANOwv-Swm; E. Hilde¬ 
brand, and G. W. Kbits, Beanos*! de¬ 
velopment o# crow* gall and hairy root, 
124 

Biker, Regina S*» see Jones, L. R. 
Bing-spot diseased sugar cane h* Florida, 
364-365 

Roche, B. H., see Dickson, Allan D.; G. 
Bohstkdt, and Janes G. Dickson, 
Feeding scab-infected barley, 132 
Rodsnbiser, H. A., Physiologic specialisa¬ 
tion and mutation in Phlyctaena linicola 
Speg., 931-942; Physiologic specializa¬ 
tion in BWyctaena linicola, 144-145 
Boguing of bean mosak, 482 
Root-gall nemas, clearing infected straw¬ 
berry stock, 919-920 

Root, parasite, Polyporus dryadeus, on 
white fir, 758-759; rot, cotton, 761-785, 
803-815; rot, cotton, winter spread, 773- 
777 

Rose, comb, new disease of cultivated 
mushrooms, 917-918; diseases, field con¬ 
trol of, 130; infectious chlorosis of, 130 
Rot, brown, leaf and twig blight following 
peach-leaf curl, 265-266; caused by 
Ganoderma Curtisii, microscopic char¬ 
acters of, 758; dry, of corn caused by 
Diplodia macrospora, 439-448 ; heart, of 
pineapple plants, 951-958; heart, of 
pineapple plants, prophylaxis and con¬ 
trol, 957; of fruits, control of, 852 
Rudolph, B. A., On the control of bacterial 
blight of walnuts, 856 
Ruehle, George, D., Cladoaporiran species 
from apple fruit and the perfect stage 
of dadospot iu m herbaram Lk., 854 
Rust, leaf, wheat, necrotic effect produced 
by wilting, 126? of flax, inheritance of 
immunity from, 707-721 • orange leaf, 
of wheat, physiologic specialization, 145; 
stem, infection In Khapli emmer and 
Hope whfiat br^Pertf, "143; stripe, Puc¬ 
cinis gfamartnn, on wheat in Argentina, 
981-4W; jWow, of raspberry, 850 
Samson^ r/w., Rtdattea of Jikson weed 
to certain wirfao«t»f tomato and potato, 
S. 

RUOlonr SI, gt&Aleft'of eal- 


Scab, in barley and wheat, 181-132; of 
barley, 371 

Sohtjltz, E. S., L. O. Grate, and Rmwm 
Bonds, Effect of seed-potato treatment 
on yield and Rhizoctonia in northeastern 
Maine from 1925 to 2928, 47-64 
Scleroderria, abietioola, compared with S. 
bacillifera, 966; baoilMfera, aompared 
with S. abieticola, 566; species on conif¬ 
ers, 555-567 

Sclerospora, conidial, of maize, in South 
Africa, 107; gramigtcola, germination of 
oospores of, 993-997; macrospora in 
barley, 107 

Sclerottnia, americana, in sulphur-toxicity 
tests, 393-396, 409, 411-414; libertiana, 
causing twig blight of Citrus, 1003; on 
cherry blossoms, 855; sclerotiomm, caus¬ 
ing twig blight of Citrus, 1003; trifoli- 
orum, fungicidal action of ultra-violet 
radiation on, 959-964; twig blight of 
Citrus, 1003 

Seed, disinfectants, 147; treatment, corn, 
147-168; treeatment, development, for 
the eontrol of barley stripe, 367-390 
Seedling blights of corn, 147-168 
Seeds of bean, infected with mosaic, 473- 
475, 485-489; inoculated with mosaic, 
478 

Severin, H. H. P., Carrot and parsley yel¬ 
lows transmitted by the six-spotted leaf 
hopper, Cicadula sexnotata (Fall), 920- 
921; see Swj&ZY, O. 

Seymour, Arthur Buss, Hoot index of 
the fungi of North America, book re¬ 
view, 595-596 

Shands, R. G., see Dickson, James G.; 
P. E. Hoppe, and E. B. Mains, Report 
upon scab-resistant cereal varieties, 132- 
133 

Shapovalov, Michael, A colloidal cell for 
< -inoculation of plants with insect vectors, 
681-683 

Shear, C. L., biography of Franklin 
* Sumner Earle, 928-929 
Sida mosaic, transmission of, by grafting, 
120 

Swans, C. P., and G. E. Paxton, Heart 
rot of pineapple plants, 951-958 
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Simmonds, P. M., A washing device for 
isolation work with plant material, 911- 
913 

Sin gap ore method, Keitt, modified pro¬ 
cedure, 583-680 

Smith, C. O., and J. T. Barrett, Some 
inoculations of Juglamr with Phyto- 
phthoxa-like fungi, 849-450 
Smith, Erwin F., Fifty years of pathol- 
ogy, separates or reprints of, 110 
Smith, Lloyd F., see McCubbin, W. A. 
Smith, M* A., The control of certain fruit 
diseases with dotation sulphurs, 535- 
553; Sulphur dust for the control of 
brown rot of peaches in storage, 122- 
123 

Smut, covered, of barley, 368, 371; cov¬ 
ered, of wheat, host response in, 637- 
652; covered, of wheat, infection details, 
637; loose, of barley, 369-371; resis¬ 
tance in millet, 915-916; stinking, of 
wheat, 495-512; striped, of grasses, 65 
Snow mold (Fusarium 8pp.) on turf 
grasses, 131 

Soft rot of cabbage, caused by Bacillus 
carotovorus, 857-872 

Soil, in relation to bean mosaic, 477; re¬ 
action, cowpea mildew and, 683-685 ; 
reaction, effects on Phymatotrichum root 
rot, 803-815 

Solanum, commersonii, frost tolerance of, 
988-989; deihissum, frost tolerance 
of, 987-988; demissum, immunity of, 
from Phytophthora infestanB, 989-991; 
.iamesii, Rhizoctonia solani on, 883 
Some microscopical studies on Penicillium 
decay of Citrus, 251-256 
Sorghum, arundinaceum, Sclerospora in, 
108; covered kernel smut, physiologic 
specialization, 142 

"Sorosporium reilianum, bacterium antibi¬ 
otic to, 140 

Specialization, host, of barley leaf rust, 
873-882 

Sphaeeloma, additional data on the distri¬ 
bution of two species of, 450; fawcetii, 
insect dissemination of, 345-351 
Sphacelotheca sorghi, cultural character- 
, istics of physiologic forms of, 241-249; 
physiologic specialization in, 142 


Spinach, transmission of cucumber mosaic 
to, 103 

Spores, single, isolation of, 583-569 
Sporodinia gTandis, fungicidal action of 
ultra-violet radiation on, 959-964 
Spot blotch of barley, effect of boron on, 
967-972 

Spots below the scion in Citrus, 1001 
Sprague, Roderick, Notes on Phyllosticta 
rabiei on chick-pea, 591-593 
1 ‘ Spray burn, , ’ of apple caused by freez¬ 
ing of flowers, 903-906 
Spraying, in the field as control of angular 
leaf spot of tobacco, 527-629; potatoes 
with Bordeaux for control of leaf hop¬ 
pers and aphis, effect of pressure in, 
136; with Bordeaux mixture, effect on 
plants of cyanide fumigation after, 419- 
429 

Spray-oil injury in apple leaves and limbs, 
122 

Sprays, Bordeaux, measuring effectiveness, 
855; copper, on leaves, method of record¬ 
ing distribution of, 137 
Spruce, Atropellis treleasei on, 562; 

canker, caused by A. treleasei, 562 
Stain, of staves by molds, treatment for, 
575 

Stakman, E. C., hL N. Levine, and R. U. 
Cotter, Hybridization and mutation in 
Puccmia graminis, 113 
Starkey, E. J., Rhizoctonia on wild potato, 
683 

Staves, moldy, treatment with steel brush, 
575-582 

Steinmetz, F. H., The control of carnation 
rust, Uromyces caryophyllinus (Schr.) 
Wint., with sulphur, 363-364 
Stem, rot of Citrus, 1001; spots of Citrus, 
1000 

Stemphylium solani, n. sp., cause of gray 
leaf spot of tomato, 513-5X8 
Stereum purpureum, fungicidal action of 
ultra-violet radiation on, 959-965 
Sterile filtrates, apparatus and method for 
obtaining, 569-473 

Stevens, Neil E., and Paul V. Mook, 
Field observations on strawberry jpr&rf 
in North Carolina, 669-672 
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Storage, tomato-mosaic virus active after 
long periods of, 946 

Storey, H. H., and A. P. D. McClean, A 
note upon the conidigl Scl&rospora of 
maize in South Africa, 107-408 

Stout, Gilbert L., A mosaic type in cer¬ 
tain cases of peach yellows occurring 
near potatoes, 126 ; see Tehon, L. R. 

Strains, Heterothallic of Phytophthora, 
201-214 

Strawberries, flooding injury of, 685-686; 
Pythium root rot of, in Louisiana, 121 

Strawberry, clearing stock infected with 
root-gall nemas, 919-920; dwarf, 669- 
672 

Streak, of tomato, spread of, 851; of 
tomatoes, 831-839 

Stripe, barley, control, 367-390; rust, 
Puceinia glumarum, on wheat in Argen¬ 
tina, 981-986 

Studies in the genus Phytophthora in My¬ 
sore. I. Heterothallic strains of Phy¬ 
tophthora, 201-214 

Sugar, beet, curly top, factors influencing 
minimum incubation period of, in leaf 
hopper, 93; beets, storage losses, in rela¬ 
tion to topping of, 621-635; cane, 
mosaie, new host of, 109; cane, Pythium 
isolated from, 319-328; cane, ring-spot 
disease in Florida, 364-365 

Sulphite liquor, waste, adjunct to spray 
materials, 111 

Sulphur, control of carnation rust with, 
363-364; dust for control of brown rot 
of peaches in storage, 122; flotation, in¬ 
jury to foliage, 538; for control of 
cotton root rot, fleld tests of, 813-814; 
fungicidal action of, 391-417; toxicity 
of water extracts from, 411 

Sulphuric acid, toxicity of, 400 

Sulphurs, flotation, for control of fruit 
diseases, 535-553 

Summer meeting, American Phytopatho- 
logical Soetty, 451 

Susceptibility, of American wheat varieties 
to TiUe&a tritici, 973^980; of bean 
plant tp mosaic at stages of growth, 
49Q;'of fowinti to Fusarium wilt, as 
£gfocted by gfcfcjfting, 519-521; varietal, 
ef peony to $otryti* paeoniae, 523-525 


Sweet, alyssum, Rhisoctonia disease of, 
587-590; -potato diseases, book review, 
198-200; -potato stem rot, control of, 
116 

Swezy, Olive, Factors influencing the 
minimum incubation periods of curly 
top in the beet leaf hopper, 93-100; and 
H. H. P. Severin, A Rickettsia-like 
micro-organism in Eutettix tenellus 
(Baker), the carrier of curly top of 
sugar beets, 169-178 

Takahashi, William N., and T. E. Raw¬ 
lins, Electrophoresis of tobacco-mosaic 
virus, 855 

Take-all, symptoms compared with injuries 
caused by chinch bugs, 907-909 

Taubenhaus, J. J., see Ezekiel, W. N.; 
and Walter N. Ezekiel, Overwintering 
and Bpread of Phymatotrichum root rot, 
117; and Walter N. Ezekiel, Studies 
on the overwintering of Phymatotrichum 
root rot, 761-785 

Taxonomy of Diplodia macrospora, D. 
frumenti, and D. zeae, 442 

Taylor, C. F., and F. M. Blodgett, Effect 
of pressure in spraying potatoes with 
Bordeaux for control of leaf hoppers 
and aphis, 136 

Tehon, L. R., and G. L. Stout, Diseases 
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tion and certain properties of, 943-950; 
(potato-) diseases, insect transmission 
of, 136; producing tomato streak, 134; 
studies, standardization technique in, 
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